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PREFACE TO THE SECOND EDITION. 

The best course open to the author in preparing a second edition 
was to rewrite the work completely. 

In this edition he has almost discarded the method used in the ' 
first edition of reducing ships to 100-ft. models, and has adopted 
the more usual methods of presenting dimensions, proportions, 
and results of tests. Rear- Admiral Taylor and Professor Sadler 
give residuary resistance in lbs. per ton of displacement^ while 
Mr Froude and Mr Baker employ the "Constant System of 
Notation " devised by Mr R. E. Froude, and used at the British 
Admiralty Experiment Tank Works and at the National Physical 
Laboratory Tank at Teddington. 

Although the classic work of Mr R. E. Froude holds as a sound 
basis for the whole subject, yet. until the results of tests of a 
sufficiently wide range of typical merchant-ship forms using his 
notation have been published, it has been found convenient at 
the present stage to use Taylor's residuary resistance per ton of 
displacement on a base of speed-length ratio, or E.H.P. upon a 
base of speed in knots, with tables for skin h.p. — ^the latter a 
necessary provision from the fact that merchant-ship forms often 
lie outside of the limits of Mr Taylor's curves for skin friction. 

Recent model experiments have had a marked effect upon the 
design of ship forms, especially with regard to the longitudinal 
distribution of displacement. 

The different notations for wake have been brought into line 
before tabulating values. 

The importance of wind resistance has been emphasised, and 
an approximate method of calculation has been embodied. 



Preface to the Second Edition xi 

The resistance of underwater appendages as a percentage of the 
total resistance has been included. 

The author desires to acknowledge assistance kindly given by 
The Booth Steamship Company, Mr Geo. M. Welsh, Professor 
T. B. Abell, Mr A. T. Wall, and the help afforded by various 
books and other sources of information referred to in the text. 

LrvsRPOOL, January 1920. 



PREFACE TO THE FIR^T EDITION. 

In the following pages an attempt has been made to illustrate 
some of the practical uses of Froude's Law of Comparison. The 
data collected has been taken piincipally from the papers of some 
of the most eminent naval architects who have contributed 
towards the improvement of soimd methods of comparing steam- 
ship performances. A few imaginary unnamed vessels have been 
included, derived in order to avoid using private trial data, and 
for the purpose of completing the lists of types. Where these 
occur, the word "actual" may be taken to mean " full sized." 

The importance of considering the ratio of beam to length, in 
all questions of fineness appropriate to speed, has been emphasised 
throughout. The relations indicated in Plates 14 and 15 may 
be modified by a proper adjustment of this factor. 

Plates 17 to 29 may be called "Rate Curves." The value 
of an ordinate of any of these curves, corrected for friction by 
Plates 8 to 11, and multiplied by l^'^ from Table III, gives 
the power of any vessel for the corresponding speed. The result 
may be checked by the curves of Admiralty constant on Plates 
4, 5, and 6, two- thirds powers of displacements up to 61 000 being 
given in Table IV. 

Tables VII and VIII give skin friction horse-power and re- 
sistance for ships up to 700 ft. long at speeds up to 32 knots, and 
the explanatory matter generally deals with points omitted in 
other books. 

Though aware of the shortcomings iof the book, the author 
ventures to hope that it will be useful to practical men. 

Liverpool, 1907. 
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NOTATION FOR LAW OF COMPARISON. 





Full-sixed ship. 


Smaller ship or 
model. 


Length, breadth, and mean draught in 
feet 


L, B, H 


l,b,h 


IMgplacement In tont .... 


Dor A 


dOTi 


Speed in knots 


V 


V 


Resistance following Froude*s Law {i.e. 
residuary resistance) 


R 


r 


Ratio of linear dimensions j s A . 


L^\l 


K A 


Ratio of speeds 




•=:^ 

«_ V 
(!)* 


Resistance per ton of displacement 


R r 
^^6 


r 
J 


Ratio of displacements .... 


f(^V- 


A 

A* 


Ratio of residnary resistances 




R D A 

r "d - « 


Piston speed of engine or peripheral 
speed turbines 




S 


Revolutions per minute .... 


-.^ 


r = Rx/a 


Piston areas 


A = oA" 


A 


Piston load 


W = wA» 


" = ^' 


Steam pressure 


P = Ap 


-! 


Effective horse-power .... 


EHP = ehpA«« 


ehp 


Torque 


T = <A»-«-J-^ 


t 


Pressure of water in which propeller 
works 


P = Ap 


V 


Thrust 


T = <A» 




Residuary effective horse-power . 


BHPr = ehprA« 


ehp^ 


Wetted surface = C z^/aL (where C Is a 
coefficient based on shape, propor- 
tions, etc. See Taylor). 

Fufe, Steamship "^ ^ * ^ 


WS « waxX* 


To face page , 
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STEAMSHIP COEFFICIENTS, 
SPEEDS AND POWEES. 

CHAPTER I. 

Introduction. 

THE LAW OF COMPARISON. 

Thb object of this publication is to provide shipbuilders and 
shipowners with a collection of actual results, and a proper 
method of comparing them, for reference when determining 
the pow^r necessary to propel a proposed ship at a certain speed, 
and the fineness ot form appropriate to that speed. The method 
of comparison is simply that of Froude, to whom the funda- 
mental principles of the subject of marine propulsion are largely 
due. Instead of making an estimate of power founded u|>on 
calculation independent of experience, as is possible in mechanical 
engineering, practical estimators work from a store of data of 
previous steamship performances. The vessels selected for com- 
parison with the proposed ship must* be as far as possible 
"similar," having "similar speeds." By similar we mean that 
they have the same ratios of beam to length, and of draught to 
length, and the same coefficients of fineness. If we have two 
ships whose linear dimensions are similar, having equal block 
coefficients, their displacements are in the ratio of the cubes of 
their respective lengths. By " similar speeds " we mean speeds 
pr^>ortional to the square roots of the lengths of the vessels. 

The data consist of progressive speed and power curves 
obtained from well-conducted progressive trials on the measured 
mile or in the open sea, at the normal draught and trim, or 
curves deduced from experimental tank trials of a model of the 
proposed vessel. From such curves the power at the "similar 
speed '' may be obtained by inspection, ana data in this form are 
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mucli better tlian a collection of isolated results of trials at about 
full speed, with which, although each may be an accurate state- 
ment of the power at some stated speed, the speed or speed-length- 
ratio may not be the one we want. However, by the aid of some 
proper method of comparison, which will enable us to turn all 
results to useful account, we may make a fairly correct estimate 
of the power for our proposed steamer even from the latter. 

The Law of Comparison has already been partly stated above. 
It is sometimes described as the Theory of Mechanical Similitude, 
or Fronde's extended Law of Comparison. 

The principle of similitude, first enunciated by Sir Isaac 
Newton, and proved last century by French mathematicians, 
M. Reech and others, will be found deduced mathematically by 
Rear- Admiral D. W. Taylor, U.S.N., in his S^eed and Power of 
ShipSy the book which contains the well-known and widely used 
curves of residuary resistance per ton of displacement. 

The corresponding speeds for similar ships are speeds pro- 
portional to the square roots of their linear dimensions. 

The corresponding displacements of similar ships are displace- 
ments proportional to the cubes of their linear dimensions. 

The corresponding residuary resistances for similar ships at 
similar speeds are resistances proportional to the cubes of their 
linear dimensions 

The corresponding horse-powers required to overcome the re- 
siduary resistances for similar ships at similar speeds are powers 
proportional to the 3*5 powers of their linear dimensions. 

The corresponding wetted surfaces and immersed midship areas 
of similar ships are proportional to the squares of their linear 
dimensions. 

The Law of Comparison strictly applies to resistances other 
than f rictional. 

If the linear dimensions of an actual ship be I times the dimen- 
sions of a model (i.e, if the length of the ship be I times the length of 
the other ship or model), and the residuary resistances of the model 
at speeds V„ Vg, Vg, etc., are Rj, Rg, R3, etc., and the residuary 
horse-powers of the model at those speeds are h.p.i, h.p.2, h.p.j^ 
then at the corresponding speeds of the ship Y^ J ly Vj ,J i, YoJ i, 
etc, the residuary resistances of the ship will be Rj P, Kg Py 
R3 P, etc. ; and the corresponding horse-powers to overcome the 
residuary resistance of the ship will be respectively h.p.^P'^ 
h.p.2 i*', etc. 

A large part of the resistance of a ship or model in moving 
through the water, when either submerged or on the surface, 
consists of skin frictional resistance — about half to seven-eighths 
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of the total resistance according to whether the speed-length-ratio 
or speed is high or low, as will be seen by the analyses of trials 
later in the book. The remainder of the resistance is called the 
residuary resistance in the case of a model Nearly all of the 
residuary resistance is wave-making resistance, but eddy-making 
very frequently accounts for about 8 per cent, of the total resist- 
ance of a ship or model. A full-sized ship encounters air or 
wind resistance, which, in the table on p. 5^ we have included 
under the heading Residuary Resistance. 

By the term ** resistance" we mean the pull on the tow-rope 
registered b^ means of a properly arranged dynamometer, when 
towing a ship or model through still water. A sure method of 
determining the resistance of any ship is to tow her through still 
water from a long ou trigged boom, at various speeds, and note 
the resistances.* The resistances of a ship towed at various speeds 
may also be inferred from trials of a small model of the ship in a 
tank in the light of Froude's method of proportioning the skin 
friction of the model to that of the phip. 

Let R = the resistance of the ship in lbs. at any given speed. 
K H.P. = effective horse-power. This usually refers to the 
E.H.P. (naked), i.e, of the naked hull without 
bilge keels, bossings, and air resistance. 
V = the speed of the ship in knots. 

Then 

E.H.P. X33 000 
R = 



or 



R = 



R = 



R = 



R = 



Speed in feet per minnte 

E.H.P. X33 000 
Vx 101-33 

E.H.P.x 60x38 OOP 
V X 6080 

E.H.P X 325-66 
V 

E.H.P. 



V X -003 070 7 



KH.P. is the equivalent of resistance. It is the horse-power 
expended in overcoming the net resistance of the vessel. 

* See Mr A. T. Wall's paper. Trantaetioni Liverpool Knginsering Society, 1917, 
on " The Need for Beiearch Work ou the Propulsion of Ships." 
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J, TT p _ ReaJstan ce in lb. x speed of ship in feet per mi n. 
' • ' 33 000 , 

or 

p, TT p _ Resistance in lb. x speed in knots x 6 080 

' ' * ~ 60 X 33 000 

or 

E.U.P. = Resistance in lb. x speed in knots x 003 07. 

Though towing trials and tank experiments of models of old 

steamers had no other use than to show these ratios of ' ' ' , 

l.xl.P. 

they would be valuable for enabling us to predict the speed of 

any given steamer, attainable by a given I.H.P. On Plates 1, 

E H P 
2, 3 will be found curves of this ratio ' ' ' , or propulsive 

I.H.F. 

efficiency, or propulsive coefficient as it is sometimes called. 

The propulsive efficiency is the product of three efficiencies, 
viz. (a) the engine efficiency, (6) the propeller efficiency, and (c) 
the hull efficiency. While the numerator is naked resistance, 
the denominator includes engine and propeller losses, and losses 
due to the interaction of hull and propeller. 

An idea of eneine efficiency can be got from ratios of Brake 
Horse-power to Indicated Horse-power in smaller engines, or 
from torsion meter measurements applied to turbine shafts, the 
ratio of the shaft horse-power to the I.H.P. being the engine 
efficiency. If we know the mechanical efficiency of a recipro- 
cating engine at different speeds, we may deduct the power 
expended in overcoming the friction of the engines and line 
shafting from the gross I.H.P., and call the remainder the power 
delivered to the propeller, D.H.P. (Delivered Horse-power). 
See p. 143. T.H.P. = thrust horse-power of the screw. 

The propeller efficiency for various slip ratios and pitch ratios 
is shown on Plates 55 to 63, plotted from the tables in Mr R. E. 
Fronde's 1908 paper to the Institution of Naval Architects. 

The D.H.P. divided by this figure gives the T.H.P. Working 
down, the T.H.P.-=-hull efficiency = E.H.P. In design it is 
better to begin with E.H.P. and work up. 
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We have 



9 = 



£.11. P. 

lhTp; 



= «i 



(Engine 
efficiency) 



(Screw 
efficiency) 



«3 

(HuU 
efficiency) 



(a) The engine efficiency may be taken at 0*83 at sea (t.6. at 
about seven-eighths full power), for engines driving their own air, 
circulating, feed, and bilge pumps, and about 0*84 to 0*845 at 
maximum power. 

When only the air, feed and bilge pumps are driven from the 
main engine levers, we may take the engine efficiency at about 
0*85 at sea, for good engines running at 600 to 700 ft. per minute 
piston speed at sea, ana 0*86 at maximum trial power. 

With all the pumps independent of the main engines the 
mechanical efficiency may be assumed 1 per cent, more, and 
with forced lubrication, as in some 1st class cruisers launched in 
1906, «! would be say 088, or nearly 0-89. Professor Peabody 
puts down 0*886 for the "Manning" at full power. This is 
about a maximum. In large electric installations higher figures 
are given — over 0*91 ; but in marine work the values of e^ 
given above may be adhered to, especially the 0*85 at sea for 
present-day reciprocating engines with centrifugal circulating 
pumps. For notes on Thrust Blook Friction, see Appendix. 

(6) Propeller eficiency (gg) for various slip ratios and pitch 
ratios is shown on curves on Plates 55 to 63, plotted from the 
tables in Mr R. E. Fronde's 1908 paper to the I.N.A. 



(c) Hull efficiency = 



— — — — ©q. 

^1 X ^2 



Only obtainable from tank 



trials. 

A method of comparison in which the different ships or models 
were converted to a standard length of 100 ft. was suggested by 

* From Mr Baker's book we uote the following (see also p. 34) :— 



' 


Fine 
battleships. 


Merchant ships. 




Fine. 


Medium. 


FulL 


Prismatic coefficient . 


•60 


■66 


•75 


•82 


Mean excess of measured 
resistance over skin re- 
sistance, calculated from 
W. Froude's resnlte 


I 10 


•10 


•136 


•21 



The Law of Comparison y 

Mr F. P. Purvis in 1880 {Trans, Inst. Engineers and Shipbuilders 
in Scotland)^ and elaborately worked out by Mr W. Hok in an 
admirable paper read before the Nortb-East Coast Institution 
of Engineers and Shipbuilders in 1893, was adopted in our first 
edition. Mr Hok's results were all expressea in progressive 
speed curves with i.h.p. per ton of displacement of the 100-ft. 
model, the i.h.p. being corrected for engine friction ; so that the 
power at lower speeds of any ship may be considered that of an 
engine designed for that power working at maximum efficiency, 
instead of beinj?, like ours, ordinary progressive speed and i.h.p. 
curves taken directly from trials, and suffering slightly at low 
speeds from the decreased engine efficiency. Mr Hok's curves 
of i.h.p. and speed are therefore steeper than curves of quanti- 
tative results reduced by the Law of CJomparison. 

By the Theory of Mechanical Similituae the relation between 
the resistance and speed of a ship can be found from the trial 
results of a " similar " ship as follows : — 

A ship 315 ft. long x 40 ft. broad x 15*8 ft. mean draft, of 
3 400 tons displacement, is "similar" to a ship 325 ft. long 
X 41*3 ft. broad x 16*3 ft. mean draft, of 3 740 tons displacement. 
If the residuary resistance of the smaller ship at 18 knots speed 
is 30 500, then at 18*29 knots, the "corresponding" speed of the 
larger vessel, the residuary resistance for the 325-ft. snip will be 
greater than 30 500 in the proportion of the cnbes of the lengths 
of the two ships. 

That is, the residuary resistance of the larger vessel will be 

30 600 X ?i!?? = 33 500 lbs. 
81-25 

By the Law of Comparison the corresponding horse-powers re- 
quired for overcoming the residuary resistances are proportional 
to / to the power 35. Thus in this example the residuary horse- 
powers will be 1 685 and 1 881, in the proportion of 55*4 to 61*9. 

The skin resistance is calculated separately. 

Any number of ships may be derived from these figures all 
exactly similar, differing from each other only in mere size. 

In the method of lC)0-ft. models the principal characteristics 
of their immersed forms are displayed with more readiness than 
by perhaps any other method. The breadth and draught of the 
ship are then percentages of the length. Thus in the above 
cases, the two 100-ft. models are 100 x 12*7 x 502, with a dis- 
placement of 109 tons, and a speed of 10*15 knots in both cases, 
and the block coefficient is 0'598. 
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Let the ratio of the length of the actual ship to the length 
of the reduced ship he / ; then in this book 

, __ Lepgth of ship 
100 

In manipulating the data in connection with the above ships, 
/ = 3*15 and 3*25 for the two cases. 

A table of square roots, squares, cubes, and 3^ powers of 
values of I from 0*25 up to say 8-00, will help us to handle such 
data with great ease. (See Table XIII, pp. 38-46.) This table 
serves the later methods of comparison, though it was originally 
prepared for the 100-ft. models. 

The wetted surface of the 100-ft. model (by Mumford's formula) 
= (100x5-02 xl-7)+(100x 12-7 X 0-598) = 1613 square ft. 

Turning to the curves of skin horse-power correction ^Plates 
3 to 6), we find that 315-ft. ships reduced to 100-ft. moaels, at 
10*15 knots require 3 horse-power per 1 0(^0 square ft. of wetted 
surface of a correction for their skin horse-power. 

Therefore we make a correction of 1*613 x 3 = 4*839 H.P. 



Application op the Law op Comparison. 

Given the particulars of a destroyer : — Length, 212 ft. Beam, 
19*75 ft. Mean draught, 6*5 ft. Block coefficient = -386. 
Wetted surface = 3 970 sq. ft. Displacement = 300 tons. Total 

resistance at 15*8' knots speed =: 3*5 tons. -7=^ = 1*085. 

^ VL 

From this let us deduce the speed and power of a cruiser of 
similar form, 765 ft. long. 

Call the ratio of the length I, then i = I|5 = 3*61. 

The ratio of the displacements = Z^ = 47*04. 

The ratio of the corresponding speeds = VT = 1*9. 
The ratio of the wave-making resistances at these speeds 
» Z3 =, 47 04. 

The ratio of the wett«d surfaces = P = 13*03. 

The ratio of the residuary horse-powers = l^'^ = 89*5. 

From this we find thftt the cruiser is 765x71*3x23*5 ft. 
mean draught. Wetted surface ^ 51 600 sq. ft. Displacement 
» 14 100 tons. Speed » 30 knots. 



V 
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The total E.H.P. of the destroyer 

= lbs. resistance x speed x -003 07. 
= (3-5x2 240) X 15-8 X 003 07. 

Skin H.P. of destroyer = 3-970 x 70 = 278. 
(Using Table IX, p. 31 .) 

.'. Residuary H.P. of destroyer = 103. 

103 
Besidaary resistance of destroyer = - — - — ^r^^rr^^^ = 2 122 lbs. 
^ ^ 15-8 X 003 07 

Residuary resistance of cruiser = 212 2 x 47*04 = 100 000 lbs. 

Residuary H.P. of cruiser 

= lbs. residuary resistance x speed x -003 07. 
= (100 000) X 30 X -003 07. 
= 9 210. 

Skin H.P. of cruiser = 51*6 x 415 = 21 420. 
(Using Table IX, p. 32.) 

Total eflFective H.P. of cruiser at 30 knots 

= skin H. P. + residuary H.P. 
= 21420 + 9 210. 
= 30 630. 

A quicker way to arrive at the residuary H.P. of the cruiser is 
to simply multiply the residuary H.P. of the destroyer by 89*5. 

Calculation of wetted surface of destroyer by Froude's 
formula : — 

S = (A35)l(3-4+ — L—^ 
V 2(A35)*/ 

S = (35x300)1 (3-4+ — ,'\ 

V 2 X (35 X 300)*/ 

= (10 500)«('3-4 + ?1? ^ 

\ 2 X (10 500)*/ 



- 479-49 (34 + ^^^^ \ 
\ 2x22) 


= 47949(34 + 2^) 


= 479-49 X (3 -4 + 4-84) 


= 479-49x8-24 


= 396 0, 
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D = displacement of ship in tons. 

D^ = „ 100-ft. model in tons. 

V = speed of ship in knots. 

Vro — corresponding speed of 100-ft. model in knots. 

I.H.P., E.ELP., T.H.P. = indicated horse-power, effective 
horse-power, and thrust horse-power respectively, for full-sized 
ship. 

i.h.p., e.h.p., and t.h.p. = ditto for 100-ft. model. 

Revs. = Revolutions per min. in the case of actual ship. 

Revs.^ = ,, „ „ 100-ft. model. 

(Indicated thrust)m = Indicated thrust for 100-ft model. 

(Resistance)^ = Resistance of 100-ft. model. 

L = length of ship in feet. 

I = the ratio of the length of the ship to the length of the 

100 
reduced ship or 100-ft. model ; i.e. Z = _-. 

u = block coefficient (same for both). 

The relations are expressed by the following formulse : — 

M ^ T» »> /V 1 E.H.P. 

* ~ ~7I * R®^s.TO = Revs.V ^ ; e.h.p. = ^.s > 

with skin friction correction where necessary. 

(Wetted surface^ = Wetted surface of actual ship ^ 

Resistance and thrust vary as l^ for corresponding speeds. 

Horse-power varies as F^ for corresponding speeds, with skin 
friction correction where necessary. 

E.H.P. = resistance in lb. x V x 0*003 070 7. 

Skin resistance = R^ = coef . of friction x wetted surface x V". 

Skin horse-power = / x wetted surface x 0*003 070 7 x V**^. 

Skin horse-power = skin resistance x (0*003 070 7 x V). 

For values of / (the coefficient of fiiction) and the index w, 
see Tables I-VII, pp. 17-26, and Plate 7. 

For a ship 500 ft. long,/ = 0*009 04, and n = 1*83. 

The coefficients of fineness are the same for both ship and 
model. 

It may be noted that 

Block coefficient 



Mid-area coefficient = 



Prismatic coefficient 



Pritmatio coefficient = Block coefficient , 

Mid-area coefficient 



The Law of Comparison ii 

Mumford^s formula for Wetted Surface^ given by Sir A. Denny 
(Traris, Inst. Naval Arch,, 1896X and used throughout this work. 
Wetted Surface in square feet 

= (L X D X 1 7) + (L X B X block coeflBcient), 

where L = length, B = breadth, D = draught, of ship in feet 

The surfaces obtained by this formula are almost exactly 
correct for steamers of medium fineness whose draught (lOO-ft 
model) is 3*72 to 5'45, and beam from 10 to 14*44. Mid-area 
coefficient 0*913 to 0*94, and block coefficient 0*614 to 0*659. 
The percentage error for 28 steamers taken was not over Ij per 
cent, up or down. 

For finer steamers the formula slightly overestimates, and for 
full steamers the reverse. With a very broad, full and shallow 
barge the formula gave Wetted Surface 3*36 per cent, too low. 

For full steamers 1*8 or 1*9 may be required instead of 1*7. 

Other formulae for Wetted Surface are noted below. 

Note on Humps. — The deeper the draught the higher are the 
speeds at which humps and hollows occur. Mr R. E. Fronde, 
in his 1881 paper, gave the hump speeds and hollow speeds for 
a series of ships, see p. 118. 

Wetted Surface. 

(1) Mumford's formula, given by Sir A. Denny, in a paper 
to the Institution of Naval Architects, is reliable : — 

L(l*7D + iSB) 
or written thus, 

(LxDxl-7) + (L4i8xB), 

where L = length of ship in feet between the perpendiculars, or 
mean immersed length in the case of cruiser stems. 
D = draught of ship in feet. 
B = breadth „ „ 

jS = block coefficient. 
For block coefficients over *78, 1*7 may be altered to 1*8, and 
for extreme forms such as shallow-draft vessels 1*9 or 20 may 
be required. 

(2) Mr Froude's formula, applicable to Admiralty types, is 

where (A35) « displacement in cubic feet. 
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(3) Taylor's formula :— 

= S = CVaL, 

where C = a coefficient from Taylor's curves, depending upon 
beam-draught ratio and midship section coefficient. 
A = displacement in tons. 
L = length in feet. 

Example, — 30-knot destroyer, 212 x 19*75 x 6-6 ft. mean draft. 
300 tons displacement. Block coefficient = '386 = w. 

(1) Mumford's formula :— 

(LxBxw) + (LxDxl-7) 
= (212 X 19-76 X -386) + (212 x 6-5 x 17) 
= 3 970 square ft. 

(2) Admiralty formula :— 

= 479-49 xf 8-4+ '^^'^ \ 
V 2x21-9/ 

= 8 950 square ft. • 

Block Coefficient. 

" The ratio of the immersed volume of displacement of a vessel 
to the volume of the circumscribing parallelepipedon." 

In 1911-12 the Institution of Engineers and Shipbuilders in 
Scotland, acting upon a resolution passed during the discussion of 
a paper read in 1910 by Mr P. A. Hillhouse, entitled " The Block 
Coefficient," appointed a committee to frame definitions of co- 
efficients of displacement. 

In the report the committee recommended the name "Co- 
efficient of Fineness," giving it the standard symbol C.F. 

Their recommendations were as follows ; — 

C.F. = ,-J^=lL. 
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A = Displacement at load draught, inclusive of shell-plating, 
bosses, etc., as usually given on ship's displacement 
scale. 

L = Length of vessel on load-line, i.e, the length from after 
side of stern-post to fore side of stern. 

B = Moulded breadth plus the mean thickness of shell-plating 
on sides, i.e. three thicknesses of plate with out-and-in 
strakes and two thicknesses with joggled plating. 

D = Moulded draught plus the mean thickness of shell-plating 
on bottom, i.e. \\ thicknesses of plate with out-and-in 
strakes and one thickness with joggled plating. 

The report mentions that "the above formula complies with 
the conditions of the definition, and, in utilising easily obtained 
particulars, avoids discussion or calculation relative to allowance 
for appendages. No attempt is made to deal in detail with 
abnormal cases, such as vessels having sides out of the vertical, 
corrugated, or sponsoned, but it is considered that, by adhering 
to the spirit of the definition, and choosing the enclosing rectilinear 
figure, so that it holds a sinular relationship to the enclosed form 
as the parallelepiped on bears to an ordinary vessel, there will be 
no practical difficulty in dealing with such cases. Such necessary 
departures from the basis formula should always be expressed by 
those who use and specify Coefficients of Fineness." 

With a cruiser stem, L.W.L. may perhaps define the length 
better than length b.g. 

Draught. 

In Professor Durand's and Dr A. C. Kirk's data gross draught 
is quoted, i.e. a figure which includes the hanging keel. The 
coefficients, block and mid area, show what the net draught is. 
For instance, for " Bayem," 24- 1 with keel is the draught given. 
The block coefficient and midship section coefficient show that 
the net draught of the hull form is 23'3 ft. In quoting a figure 
for prismatic coefficient, it is necessary to state whether the 
draught includes the hanging keel (if any) or whether the 
draught is taken to the bottom of the shell-plating. 

Conversion Factors. 

1 cubic metre = 35'316 6 cubic ft. 

1 cubic foot = •028 31 cubic metre. 

1 ton (English or U.S. standard) = 2 240 lbs. 

1 cwt. (English or U.S. standard) = 50*802 4 kilograms. 
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lb. (Englifih or U.S. standard) = -453 6 kilogram, 
kilogram = 2*204 6 lbs. 
gram = 15*432 356 4 grains. 

tonne or tonneau or millier (French) { Z 2 204*6 E^sh lbs. 

English gallon = -160 4 cubic ft. = 4*545 963 1 litres. 

metre (0*^C.) = 39*370 113 inches (62^ F.) = 3*280 ft. 

square metre = 10*763 9 square ft. 

litre = 1*759 8 pint. 

cubic decimetre = 61*024 cubic inches. 

yard = 0*914 399 metre. 

cubic inch = 16*387 cubic centimetres. 

pound (avoirdupois) = 0*453 592 43 kilogram. 

kilogram per square centimetre = 14*223 2 lbs. per sq. in. 

inch = 25*399 5 millimetres. 

inch = 2*539 95 centimetres. 

kilogram per square millimetre = 1 422*32 lbs. per s^. in. 

kilogram per square centimetre = 14*222 lbs. per sq. m. 

square inch = 6*451 336 square centimetres. 

square inch = 645*137 square millimetres. 

square foot = 928*997 square centimetres. 

foot = 30*479 7 centimetres. 

foot = 304*797 millimetres. 

square foot = '092 9 square metre. 

square foot = 92 899*7 square millimetres. 

cubic centimetre = 061 027 cubic inch. 

millimetre = '039 4 inch. 

centimetre = *394 inch. 

Number of kilograms per square millimetre x *635 gives 
number of tons per square inch. 

Number of tons per square inch x 1*575 = number of kilo- 
grams per square millimetre. 



* In calculating displacement in metric tons (French), take 84'4 cubic feet 
salt water per ton. 



CHAPTER II. 

SKIN FRIGTIONAL RESISTANCE. 

Water is not a perfectly frictionless liquid, but is yiscous to 
a certain extent, and the wetted surface of a plank or ship, 
moving through water, carries a laver of water with it. In 
Professor Hele-Shaw's paper to the Institution of Naval 
Architects, 1898, the stream lines in the frictional belt of viscous 
fluid were plotted, and seemed to have a straight-line flow in 
contact with the moving body and a whirling motion at the 
outer boundary — the forces causing these motions being due to 
inertia. Professor Lamb's investigations, published in the same 
paper, indicated viscous resistance as the operating cause. At 
any rate, energy is imparted to the water, and this causes resist- 
ance to the motion of the vessel. The after end of the moving 
body rubs against water which has already been set in motion 
by the forward end, and therefore does not cause so much 
resistance from it, though the velocity of the layer of water is 
greater at the stern than at the bow. With a long plank prob- 
ably the resistance at the rear end is only half that of its fore 
end. Mr G, S. Baker, in his Newcastle paper, 1915, on" Notes on 
Model Experiments," discussed the effect, on the resistance of the 
whole plank, of the forward momentum of the (wake) water at 
the rear end of the plank. There is very little wnirling or 
vortex motion except in a rough plank, say, covered with 
barnacles. The average forward velocity of the frictional belt 
increases with the length of the immersed body, while the mean 
resistance per square foot decreases with increased length. In 
the British Association reports for 1872-74, Mr Wm. Froude 
gave curves showing, for flat wood planes in fresh water, the 
relation between length and resistance, enunciating the formula 

R = /SV'^ 

which approximately expresses the resistance at speed V of S 
square feet of surface, where / is the coefficient of friction de* 

15 
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• 

pending upon (1) the quality of the surface of the board ; (2) 
the length of the surface (and it decreases at a decreasing rate 
as the length of the surface is increased) ; (3) the temperature, 
being about 3 or 4 per cent, less in summer than in winter ; (4) 
the density of the fluid, due to the fact that skin resistance is 
really an eddy resistance.* The resistance in salt water is thus 
about f| times the resistance in fresh water. The value of n 
is not altogether independent of /, but, generally speaking, it 
depends upon the nature of the surface and usually decreases 
with length, and has different values for different speeds (Plates 
1 and 2). A dirty surface, such as a weed-coated, bamacled, or 
shell-encrusted ship's bottom, may have its skin frictional re- 
sistance increased two-, three-, or even five-fold. Rear- Admiral 
Taylor states that a marine growth, consisting mostly of barnacles, 
averaging in total weight when dry only \ lb. per square ft., 
woula increase the frictional resistance by 210 per cent. 

In a paper by Naval-Constructor M*Entee on " The Variation of 
Frictional Resistance of Ships with Condition of Wetted Surface,'* 
mention is made of 300 per cent, increased skin resistance from 
effects of fouling. In a lecture at Newcastle in 1915, Mr G. S. 
Baker gave an account of experiments to show the effect of the 
edges and butts of shell-platmg on the resistance. The import- 
ance of having flush-plating at the forward part of a ship was 
clearly demonstrated in a valuable appendix. See Mr A. W. 
John's remarks in the discussion. 

W. Froude's values of / found from experiments with boards 
or planes, bare and also coated with various compositions, agree 
with those for paraffin. Herr B. Tideman's experimental results 
for planes or planks in fresh water are very similar to those of 
W. Froude, but his values of / and n extrapolated for longer 
surfaces in salt water give higher results by 4 or 5 per cent, than 
Froude's. Mr Baker mentions in his book that a clean ship's 
bottom, painted with anti-fouling composition, gives practically 
the same result in the model as a paraffin surface, while a surface 
of the roughness of calico gives nearly double the resistance. The 
results from the earlier experiments are indicated on Plate 7. 
The figure for a little weed or barnacle is shown on Table VI. A 
ship's bottom covered with shells has a still higher coefficient of 
friction. At the United States Experimental Model Basin at 

* The law was deduced from the resiftauces of fiat boards 19 inches in depth, 
varying from 1 ft. to 60 ft. in length. Mr W. Fjoude, Mr E. Jfi. Froude, and 
others extended the curve to give surface frictional results for long ships 
(Tables. V-VII), and these figures are almost universally accepted. Large-scale 
experiments are, however, required to verify the quantities. Moderate corrosion 
and rough paint would produce high resistances. 
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Washington, the values employed for 20-ft models of smooth 
wood are 

/ - 009 67, n » 1-864. 

These constants will be found to give the results tabulated in 
column 3, table ix. of Taylor's Speed and Power of Shws, and 
are proportional to those which were used in preparing Mr Taylor's 
figs. 81 to 120. Mr R. E. Froude states that for the paraffin 
models used in his experiments about 1886, both the coefficient 
/ and the exponent n are substantially the same as for a smooth- 
painted or varnished surface. 

The table on p. 21 shows the skin frictional resistance 
of "Yorktown," 20-ft. model, calculated from various sets of 
constants. 



TaBLB I. — SUKFACB FRICTION OF PaRAFFIM MoDBLS IN 

Fresh Water. 
The index n taken as 1*94 throughout. ^ 



Length of model 


Coefficient of 


Length of model 


Coefficient of 


in feet. 


friction/. 

• 


in feet. 


friction/. 


2 


•Oil 76 


12 


•009 08 


S 


•Oil 23 


12^5 


•009 01 


4 


•010 83 


13 


•008 96 


5 


•010 60 


18-5 


•008 89 


6 


•010 22 


14 


008 88 


7 


•009 97 


14-6 


•008 78 


8 


•009 73 


16 


•008 78 


9 


•009 53 


16 


•008 64 


10 


•009 37 


17 


•008 56 


10-6 


•009 28 


18 


•008 47 


11 


•009 20 


19 


•008 40 


11-5 


•009 14 


20 


•008 84 



Note. — Tank models are usually from 8 to 20 ft. in length, and 
the coefficient of friction diminishes with the length of the surface, 
as above. 

For varnish, smooth paint, or compositions, tinfoil, calico, and 
medium sand, take / and n from Plate 1. 
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Table II.— Skin Feictional Resistance Constants for 
Paraffin Models in Fresh Water. 





Value of/ from Fronde's tables. 




Speed. 


1-94 power 

of speed in 

knots. 


Skin resistance in lbs. per 10 sq. ft. 

of wetted surface for models 

of various lengths. 


Feet per 
min. 


Snots. 


11-951 ft. long. 
/« -00908. 


12 ft. long. 
/« 00907. 


20 ft. long. 
/» 00884. 


240 


2-87 


5-3 


-481 


-480 5 


•442 


800 


2-962 


8-23 


•748 


*746 


*686 


340 


3 -867 


10-41 


*946 


*945 




360 


3-558 


11-63 


1*057 


1*054 




380 


3-76 


12-95 


1*178 


1*174 


1*08 


400 


8-95 


14-3 


1-298 


1*296 


1*192 


420 


4-147 


15*77 


1-433 


1-43 


1*314 


440 


4-346 


17*2 


1-563 


1-56 


1*433 


480 


4-74 


20-5 


1*862 


1*86 


1*71 


500 


4-933 


22-14 


2*012 


2*01 


1-843 


540 


5-33 


25-67 


2-331 


2-33 


2*14 


580 


6 -73 


29-6 


2*69 


2*687 


2*47 


600 


5-92 


31-4 


2-851 


2-85 


2*62 


640 


6-32 


35*72 


3*25 


3-24 


2*972 


680 


6-71 


41*04 


3*78 






720 


7'-ll 


44-8 


4*166 


• • • 


3*735 


760 


7-51 


49-66 


4-51 


4*51 


4-14 


800 


7-9 


64-85 


4-98 


4*97 


4-57 


850 


8*396 


61-7 


5-61 


5-605 


6*16 


900 


8-89 


69*1 


6*28 


6-27 


5-76 


960 


9*48 


78*2 


7-1 


7-1 


6-62 
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Table III.~Fok Subfaob Fbiotion of Models in Fresh Water. 



No 


1-864 


2-854 


1-94 


2-94 


Tffft 


1*864 


2*864 


1-94 


2-04 


AW* 


power. 


power. 


power. 


power. 


6-6 


power. 


power. 


power. 


power. 


1 


10 


1-0 


1-0 


1-0 


23-58 


1297 


27-29 


160-2 


1-2 


1*40 


1-68 


1-42 


1-71 


6-6 


24-86 




28-26 




1-4 


1-87 


2-61 


1-92 


2-69 


67 


25-16 




29-25 




1-5 


2-12 


8-18 


2-20 


3-30 


5-8 


26-02 




30-26 


- 


1-6 


2-39 


3-82 


2-49 


3 98 


5-9 


26-86 




31-29 




1-8 


2-98 


6-36 


8-13 


6-64 


6-0 


2771 


166-8 


32-38 


194-0 


2-0 


3-61 


7-23 


3-84 


7-67 


6-1 


28-57 




38-39 




21 


3-96 


832 


4-22 


8-86 


6-2 


29-46 




34*46 




2*2 


4-32 


9-61 


4-62 


10-20 


6-3 


80-35 




85*64 




2-3 


4-68 


10-77 


6-03 


11-67 


6-4 


31-26 




36-64 




2-4 


5-07 


12-16 


6-46 


13-11 


6-5 


32-16 


209 


87-76 


246-6 


2-5 


6-47 


13-67 


6-92 


14-79 


6-6 


33-07 




38-89 




2*6 


6-88 


16-29 


6-38 


16-60 


67 


34-00 




40-04 




27 


6-31 


17-03 


6-86 


18-55 


6-8 


34-96 




41-21 




2-8 


675 


18-89 


7-37 


20-64 


6 9 


36-91 




42-40 




2-9 


7-20 


20-88 


7-89 


22-88 


7-0 


36-88 


258-2 


43-60 


805-2 


8-0 


7-66 


23-00 


8-43 


25-28 


7-1 


37-87 




44-82 




8*1 


8-16 


26-36 


8-98 


27-84 


7-2 


38-86 




46-06 




3-2 


8-64 


27-66 


9-65 


30-56 


7*8 


39-87 




47-30 




3-3 


9*16 


30-19 


1014 


33-45 


7-4 


40-88 




48-56 




8-4 


9-67 


32-87 


10-74 


86-62 


7-6 


41-91 


314-4 


49-84 


878-8 


8-5 


10-20 


3571 


11-36 


8977 


7-6 


42-98 




61-14 




8-6 


1076 


38-70 


12-00 


43-20 


77 


44-02 




62-46 




87 


11-31 


41-84 


12-66 


46-83 


7-8 


45-'08 




6378 




8*8 


11-88 


46-15 


18-83 


50-65 


7-9 


46-15 




66-18 




3-9 


12-47 


48-63 


14-02 


54-67 


8-0 


47-24 


8779 


66*49 


461-9 


4-0 


13-07 


62-27 


14-72 


58-88 


81 


48-34 




67-87 




4-1 


13-68 


66-09 


16-46 


63-32 


8-2 


49-45 




69-27 




4-2 


14-29 


60-08 


16-18 


67-98 


8-3 


50-67 




6068 




4*3 


14-94 


64-23 


16-94 


72-85 


8-4 


51-71 




62-10 




4-4 


15-59 


68-61 


1771 


77-94 


8-6 


62-86 


449-8 


63-54 


540-1 


4-5 


16-26 


7316 


18-60 


88-26 


8-6 


64 02 




65 00 




4-6 


16-93 


77-90 


19-31 


88-82 


87 


65-19 




66-47 




47 


17-62 


82-83 


20-18 


94-62 


8-8 


66-37 




67-96 




4-8 


18-38 




20-95 




8-9 


57-66 




69-47 




4-9 


19 08 




21-82 




90 


58-77 


528-9 


71-00 


689 


5-0 


19-76 


98-82 


22-70 


113-5 


9-1 


69-99 




72-63 




5-1 


20-48 




23-69 




9-2 


61-22 




73 08 




5-2 


21-24 




24-60 




9-3 


62-46 




74-65 




5-8 


22-00 




25-41 




9-4 


6371 




76 24 




6-4 


22-77 




26-34 




9-6 


64-97 


617-2 


78-86 


749 
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Table 111 — conH7iued. 



Ho 


1'8S4 


2*854 


1*94 


2*94 


No 


1-864 


2*864 


1-94 


2*94 




power. 


power. 


power. 


power. 


11-6 


power. 


power. 


power. 


power. 


96 


66-24 




80-46 




94-08 




1161 




97 


67-52 




8209 




117 


95-59 




1181 




9*8 


68-82 




83-74 




11-8 


97-11 




1201 




9*9 


70-18 




85-41 




11-9 


98-65 




1221 




10-0 


71-46 


714-5 


87-10 


871-0 


12-0 


100-2 


1 202-2 


1241 


1 488-7 


101 


72-78 




88-79 




121 


101-8 




1261 




10-2 


74-12 




90-50 




12-2 


1033 




1281 




10-8 


76-47 




9223 




12-3 


104-9 




1301 




10*4 


76-83 




93-98 


h 


12-4 


106-5 




1822 




10-6 


78-21 


821-2 


95-74 


1 005-3 


126 


1081 


1 850 8 


134-3 


1 678 6 


10-6 


79-60 




97-52 




12-6 


1097 




136-4 




107 


81-00 




9931 




12-7 


111-3 




138-5 




10-8 


82-41 




101-1 




12-8 


1129 




140-6 




10-9 


88-83 




1029 




12-9 


114-6 




1427 




11-0 


85-26 


937-9 


104-8 


1 152-6 


13-0 


116-2 


1 510 8 


144-9 


1 883 6 


11-1 


86-70 




106-6 




13-1 


117-9 




1471 




11-2 


88 15 




108-5 




13-2 


1196 




149-25 




11-3 


89-61 




110-4 




18-3 


1212 




151-5 




11-4 


91-09 




1123 




13-4 


1229 




1537 




11-6 


92-58 


1 064-7 


114-2 


1 313 6 


13-5 


1246 


1 682-6 


1659 


2104 7 



Table IV.~For Surface Friction of Models in Fresh Water. 



Length 


Coefficient of friction 


Length 


Coefficient of friction 


of model 
In feet. 




of model 
in feet. 














/. 


n. 




/. 


n. 


8 


•010 55 


1-864 


20 


-009 67 


1-854 


9 


•010 46 


*) 


21 


•009 64 


} t 


10 


•010 35 


> 1 


22 


-009 60 


1 1 




11 


-010 26 


23 


•009 55 




12 


•01017 


24 


•009 50 


>] 




13 


•01010 




25 


009 46 


)] 




14 


•010 03 




26 


-009 40 


) 




15 


•009 96 




27 


-009 35 


>! 




16 


009 90 




28 


009 32 ' 




17 


-009 84 


,) 


29 


•009 30 


1 




18 


•009 79 


^ 


30 


■009 28 


1 




19 


009 73 


»» 




' ' 
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t^ 


*H 


lA 








1 




© 




f-H 

• 

1H 


f-H 

• 


00 

• 








1 














■ 


' 








CO 


«o 


e» 














eo 


<o 


<Si 








4:3 




• 




kO 


to 


t^ 








.9 




ib 






• 




• 

kO 


9 
«o 








•0 
















1' 




Values^from 







*H 


"«* 










E. E. Fpoude'8, 


■ 


« 




• 


• 













OSL-i'»- 


■ 


a» 


f-H 














Values from 
















kO t-H 




Froude's 
coBStants for 


00 





f-H 


A 








* 




salt water, 


• 
10 


Ob 


• 


• 










/«010 66, 


' 




1-4 


f-H 








"S 




n- 1-826. 














' 1 

^ 






Tideman's 














O 


•^ CO 

-I* 

* II 

.S0 




salt water, 
/= -01067, 
and Taylors 


• 
• 
• 


<o 

• 


• 


eo 

• 








o 


1 


n = 1-8S. 














>4 


Valaes from 












^ 


i - 


Tideman's 


CO 


"^ 






f 


o 




1 


salt water, 


V 


0* 

• 


^ • 


• 
• 






cement in 
E. Proud 


.a 


/a -01067, 


to 


e» 










p 


ce 


n== 1-8484. 














Values from 
W. Froude's, 


CO 


"^ 


CO 


00 

kO 


CO 




o 


II 1 


? 


/=-0088, 


• 

kO 


• 


• 





C4 




3 


n « 1-94. 






i-H 


c« 


O) 




• 


Values from 










^a 




PR 


CO 


Tideman's, 


1H 

• 


• 


• 


iO 

• 


• 


0Q 


S 


"1 




/= -00884, 


ta 


00 


eo 

l-H 


f-H 




04 




n = 1-94. 
















72-46 sq. ft 
of feet per 


• 










1 




- Values from 
/=-0097, 
w = 1 854. 


00 

kO 


• 


00 

• 
f-H 


10 

• 

f-H 


• 
• 
• 






Values from 


to 


CO 


f-H 


"* 


ir> 






II 




/« •00967, 

4 -A if A 


00 

• 


• 


00 

00 


• 




• 
i-H 


<1 




00 

•2 

1 




n - 1-864. 






. r^ 


ft 


C9 






Values from 
Taylor's 
table iz. 


to 

CO 

• 

kO 


10 

• 

o» 


f-H 
00 

• 

eo 


a* 

00 

• 

Oi 

1H 


• 

I-H 

0^ 




1 




tJs 


sspeedof 20-ft. 










00 

• 






n 


lodel in knots. 


eo 


-* 


kO 


to 


CO 





2 

8 

.9 



I 

00 






o 



o o 

«iH'rt 



-«1 







8l.a S»-^ 
III 

.1-9 



ja « M 
1< Oil ^ 

■*^ .9 * 

4^ (1 00 O 

■Ss5? 









fe* 



^i^ 
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" Yorktown," 20-f t. model (nakedX ^^ ®v®^ ^®®1« 230 x 36 x 
13-82 ft. mean draft :— 



B 
ff 



36 



2-61. ^ . » 12-167. Midsliip section co- 



13-82 

MOO/ 

efficient >= -868. Prismatic coefficient » *502. A 
salt water. Wetted surface =: 9 582 sq. ft 
230 is the ^* mean immersed length " of ship. 

Length of ship _ L _ 230 _ j, .g 
Length of model ~ i "" 20 ~ 



1 680 tons 



Speed of ship /l 



Speed of model 

Wetted surface of ship 
Wetted surface of model 



3-891. 



(t)" 



182-26. 



1521. 



Displacement of ship in tons salt water, or cubic ft. _ /LN* 
Displacement of model in tons salt water, or cubic ft. ^ \l / 

Multiplier for residuary resistance : — 

Residuary resistance, tons or lbs. , of ship in salt water _ /LV _ , g- - 
Residuary resistance, tons or lbs. , of model in salt water ~ \ Z / 

Residuary resistance in lbs, of ship in salt water __ 36/ LN' _ - gg^.g 
Residuary resistance in lbs. of model in fresh water " 35 \ I / 

20-ft. model. Wetted surface = 72*46 sq. ft. = 6-36. 
O «B '114 70. 8 ss displacement in lbs. in fresh water = 2 405 lbs. 





Skin friotiooal reaistance in lbs. 1 




Knots 
speed. 


Washington 

tank, 
/= -00967 
n » 1*864. 


Tideman'8, 
/= 00884 
n =s 1-94. 


W.Froude'8, 
/«=-0088 
nssi-94. 


E.E. 

Fronde's, 

/= -01065 

n = 1-826. 


K. B. 

Fronde's, 
08L--175. 


© 


8 

4 
5 
6 
8-8 


5-86 

9-16 

13*81 

19-39 

• • • 


5-1 

8-9 
13-7 
19-5 
21-45 


5-89 
9-4 
14-32 

20-58 
22-62 


5-68 
9*55 
14-41 
19*9 


9-85 
1401 
19-54 


1-017 
1-811 
2-485 



(c) as -— X 232-5, where r = total resistance, and v =s hundreds 
of feet per, minute. 
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Table V.— For Sueface Fbiction of Ships in Salt Watek. 

Fronde's Frictional Constants for paraffin, varnish, or smooth hard 
surfaces— clean, painted steel,— corrected for Salt Water, 







Index, or 






Index, or 


Ckx 


efficient of 


power, accord. 




Cioefflcient of 


power, accord. 


Length ^ 


Friction. 


ing to which 


Length 


friction. 


ing to which 


in feet. 




friction varies. 


in feet. 




friction varies. 




/. 


n. 


/. 


n. 


14 


•010 80 


1-825 


♦300 


•008 90 


1-825 


20 


•010 40 




320 


-008 886 




25 


■010 17 




340 


•008 872 




SO 


010 00 




360 


•008 857 




36 


009 85 




880 


008 844 




40 


009 76 




♦400 


-008 88 




45 


009 68 




420 


•008 817 




•50 


009 6 




440 


•008 805 




00 


009 47 




460 


•008 873 




•75 


009 35 




480 


•008 781 




90 


009 25 




♦500 


•008 77 




*100 


009 2 




520 


008 759 




110 


00916 




540 


•008 749 




120 


00913 




560 


•008 739 




130 


009 105 




580 


■008 730 




140 


009 08 




600 


•008 721 




150 


009 06 




620 


•008 718 




160 


009 04 




640 


•008 704 




170 


009 02 




600 


•008 696 




180 


009 00 




680 


•008 688 




190 


008 99 




♦700 


-008 68 


9 9 


*200 


008 98 




720 


•008 672 


1 1 


210 


008 972 




740 


•008 664 




220 


008 964 




760 


•008 656 




280 


008 956 




780 


•008 648 




240 


008 948 




800 


•008 640 




250 


008 940 




820 


•008 682 




260 


008 932 


) J 


840 


008 624 




270 


008 924 




860 


•008 616 




280 


008 916 




880 


•008 608 




290 


008 908 




♦900 


•008 6 





The values marked thus ♦ are taken from Mr G. S. Baker's book. 
Ship Farm, HeHstancet and Screw Prapulsio^i (Constable, 1915). 
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Table YI.— Sxtkfaob Fbiotion Constants fob Ships in Salt 

Wat£& or 1*026 Dbnsitt. 

(Based upon Tideman's Experiments.) 



Ship ^*«* 


nMof/for 
lel Bottom 
DADdWeU 
Paint«l 


n 


Valoet of/ for othtr toxfiMM 


Oopper 
Sheeto 


Oommoa 
Iron 
Skin 


Smooth 
Sawn 
Plank 





Barnaded 


10 


01124 1- 


858 












15 


OlOdS V 


-851 












20 


01075 1 


•849 












25 


01086 1 


846 












30 


01018 1 


-844 












85 


01006 1 


•842 












40 


01000 1 


8397 


•007 


•014 


•016 


•019 


•055 


50 


00991 1 


8357 


\ 










75 


•00978 1 


-8315 












100 


•00970 1" 


88 












150 


•00957 1 


•88 












200 


00944 1 


88 












250 


00933 1 


88 












800 


•00923 1 


88 












850 


00916 1 


•83 












400 


•00910 1 


83 












450 


00906 1' 


83 












500 


•00904 1 


83 












550 


•00901 1 


83 












600 


•00899 V 


83 












650 


00896 1- 


83 












700 


-00894 1' 


83 












750 


00892 V 


83 












800 


•00890 1- 


83 
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The skin friction on p. 22, taken from our first edition, was 
calculated from the constants on Table II, with n » 1*94 (Plate 1). 
In Plate 2 we have taken the values of / and n, used for 20-ft 
wooden models at the U.S. tank at Washington, as a basis for 
a new curve following the shape of those Dy W. Froude and 
Tideman. This gives the values for tank models in fresh water 
found in Table I V. 

Skin Resistance of Model = /SV" where S is the wetted surface, 

/ = the coefficient of friction, 
V = the speed, 

and n the index of variation of speed with resistance. 

For values of / and n see Tables I to IV. Subtract the calcu- 
lated skin resistance from the total resistance, and the remainder 
is the residuary resistance. 

By the Law of Comparison the corresponding residuary resist- 
ance for the ship can be found. 

Let I and L = length of model and vessel respectively. 
V and V = corresponding speeds. 
r and R == corresponding residuary resistances. 
Then 



and 

R 






Next, the surface friction resistance of the actual ship can be 
calculated, from the values of /and n in Tables V to v II, and 
added to the residuary resistance just determined. The sum is 
the total resistance of the steamer. As the model experiments 
are made in fresh water, and the ship has to sail in salt water, 

we multiply by J|, thus ? = g (^) . 

Skin H.P. per 1 000 sq. ft. of wetted surface for iron or steel 

ships, clean and well painted. (Salt water.) 
Skin H.P. = /x 1 000 X 003 070 7 X V*-». (Table X.) 
Skin resistance per 1 000 sq. ft. = /x 1 000 x 003 070 7 x V^"^, 

(Table VIII.) 
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Table VII.— Friction al Constants for Ships in Salt Water^ 

BABBD UPON TIDEHAN's EXPERIMENTS. 





OA-A^l t«.AAA 


«« 


Copper- or zinc-sheathed 


1 


Length 
of ehip 
in feet. 


Steel DOttom cie&u 










and well painted. 


Sheathin 
and in gooc 

/. 


t smooth 


Sheathing rongh 






[condition, 
n. 


and in bad condition.^ 




/. 


n. 


/. 


n. 


• 10 


•01124 


1^853 


•010 00 


1-917 6 


•014 00 


1-870 


• 20 


•010 67 


1*848 4 


•009 90 


1*900 


•018 60 


1 -861 


• 30 


•01018 


1^844 


•009 08 


1*866 


•018 10 


1*853 


• 40 


•009 98 


1-889 7 


•009 78 


1 840 


•012 76 


1*847 


• 60 


•009 91 


1-836 7 


•009 76 


1*880 


•012 60 


1*848 


60 


'009 86 












70 


•009 81 












80 


•009 77 












90 


•009 78 












•100 


•009 70 


1*829 


•009 66 


1 ^827 


•012 00 


1 ^843 


no 


•009 67 


1^829 




M 




* 1 


120 


•009 64 


n 




n 






180 


•009 61 


}} 




)» 




" 


140 


•009 59 


t> 




ft 






•150 


•009 67 


1^829 o> 


•009 68 


1*827 


•Oil 88 


1-848 


176 


•009 49 






%t 






•200 


•009 44 


r829rH 


009 43 


1-827 


•01170 




226 


•009 39 






M 






•260 


•009 88 


::1 


•009 86 


«> 


•Oil 60 




276 


•009 28 




»» 






♦800 


•009 28 


00 


009 80 


J) 


•Oil 62 




825 


•009 196 




It 






•850 


•009 16 


:: 3 


•009 27 


ft 


•Oil 46 




876 


•009 128 




M 






•400 


•009 10 


r829 ►» 


•009 26 


) ) 


•Oil 40 




426 


•009 077 


>^^ 




11 






•460 


•009 06 


n i 


•009 26 


t> 


•Oil 87 




476 


•009 06 


t> ce 




}) 






♦600 


•009 04 


1*829*^ 


•009 26 


If 


01186 




650 


•009 01 


00 




II 






600 


•008 99 


„ '-^ 




1, 






660 


•008 97 


> ) 




II 






700 


•008 96 


) > 




>| 






760 


•008 98 


II 




If 






800 


•008 92 


f > 




II 






850 


008 91 


M 




»> 







Lines marked thus * are taken from Mr D. W. Taylor's book, 
Tht Speed and Power of Ships (1911). 
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Table VIII.— Skin Frictional Rksistakos in Lb. pbr 1000 Square 
Feet of Wetted Surface for Yarious Lengths of Ships 

AT Different Speedh. 



Bp^ed 


100 ft. 150 ft 


200 ft. 


300 ft 


400 ft 


500 ft. 


600 ft. 


700 ft. 


in 


n=l-83 n=l-83 


ns:l-83 


n=l'83 


n=l h3 


n=l-83 


n=l-8S 


ti=l-t3 


Knoto 


/= /= 


/= 


/= 


/= 


/ = 


/ = 


/ = 




• 00970 1 -00957 


•00944 


•00923 


•00910 


•00904 


•00899 


•00894 


4-5 


151-7 149-6 


147-5 


144-3 


142-3 


141-3 


140*6 


139*7 


50 


184- 1 181-7 


179*3 


175-2 


172*9 


171-7 


170-7 


169-8 


5 5 


219-0 
257 


216-0 
253-4 


212*5 


209-0 


207*0 


205-0 


• • 


202-0 


60 


250 


246*4 


244 


242 


239 


236*7 


6-25 


276-5 


273-5 


269 


264*0 


262 


259 


• • 


255-5 


6 5 


297-0 


2940 


289 


284*0 


281 


277-5 


• • 


273*5 


6 85 


327-5 


323-7 


317 


314 


812 


308 


304 


300 


7 


340-0 


336-0 


330 


323-5 


821 


317 


• • 


312 


7-25 


362-5 


360-0 


353-5 


345-5 


342 


338-0 


• • 


333-5 


7-5 


386*5 


383-5 


375-5 


367-5 


963-5 


3590 


• • 


355-0 


7 75 


410*0 


407-0 
431-0 


399 


392 


386-0 


381-0 




376-0 
400-0 


8 


434 


422-5 


415-0 


408*0 


404-0 


• • 


8 25 


460-0 


455-5 


446-5 


4380 


432*5 


427*5 


• • 


424-0 


8 575 


498-5 


487 


480-5 


470 


463 


460 


457 


455 


8-75 


511*0 


516 


496*5 


487 


480-0 


475-5 


• • 


471-5 


9*0 


540*0 


582-5 


524*0 


513 


506-5 


502-5 


• • 


497-5 


9-25 


566*0 


560-0 


550*0 


540*0 


532-0 


528 


• • 


522*5 


9 5 


596-5; 589-0 


578-0 


567-5 


560-5 


556-0 


• • 


550*0 


9 71 


621-5 


613-5 
647-5 


605 
636 


591 


583-5 


580 


576 


573 


100 


661-0 


625 


616 


611 


• • 


605 


10-29 


692 


684 


674 


659 


649 


644-5 


641 


687 


10 5 


716-5 


707-5 


695 


682-5 


674 


667*5 


• • 


659*5 


10*85 


761 


751 


741 


724 


714 


709 


705 


701 


11 


780 


770 


756 


740 


732 


725 


• • 


717-5 


11 2 


805 


797-6 


781*5 


766-5 


757-5 


750 


• • 


743*0 


11 4 


834 


823 


807 


792 


781 


776 


773 


767 


11 6 


860 


848 


832 


816 


805*5 


800 


• • 


792-0 


11 8 


886*5 


875 


858 


842-5 


830-0 


825 


• • 


816*5 


12-0 


913 


901 


885 


869 


856 


850-6 


845 


841^ 


12 25 


946-5 935 


916-5 


902 


887-5 


882-5 


• • 


872*5 


12 57 


990 


979 


960 


945 


930 


924 


919 


914 


12-75 


1015 


1005 


980 


970 


955 


950 


945 


936 


18-0 


1057 


1043 


1029 


1005 


991 


985 


980 


974 


18-25 


1088 


1078 


1062 


1040 


1026 


1019 


1010 


1005 


18 5 


1136 


1120 


1100 


1078 


1062 


1058 


1052 


1047 


18 75 


1168 


1152 1140 


1110 


1100 


1090 


1085 


1078 
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Table VIIL— Skin Fbictional Resistance in Lb. pee 1000 Sqvabe 
Fbtt of Wetted Subpaoe for Various Lengths of Ships 

at UiFFEBKNT SPBED6~(0Oflte*ntl«d). 



speed 
ill 


100 ft 
n=l*83 

/ 
=•00970 


160 ft. 
11=1 8S 

/ 

s-00957 


300 ft. 
»=f83 

/ 
=*00944 


soon. 

11=1 -83 

/ 

=•00923 


400 ft. 

n=l*83 


500 ft. 
n=l*83 


000 ft. 

T»=1-8S 


TOO ft 
nsl*83 


KdoU. 


/=00910l/ =t0»04|/^=-00899 


^=•00894 


140 


1214 


1197 


1180 


1156 


1140 


1131 


1125 


1115 


14-25 


1249 


1232 


1217 


1187 


1170 


1163 


1157 


1150 


14-5 


1290 


1275 


1258 


1227 


1208 


1200 


1193 


1187 


14-75 


1332 


1812 


1298 


1267 


1250 


1240 


1232 


1225 


150 


1377 


1359 


1340 


1310 


1292 


1283 


1276 


1269 


15-35 


1417 


1400 


1380 


1348 


1330 


1320 


1310 


1802 


15*5 


1460 


1442 


1422 


1390 


1372 


1359 


1350 


1842 


15-75 
16-0 


1500 
1550 


1487 
1530 


1464 
1507 


1432 
1476 


1412 


1400 


1390 


1882 


1452 


1441 


1433 


1425 


1625 


1590 


1570 


1555 


1519 


1500 


1582 


1571 


1462 


16*5 


1638 


1620 


1598 


1560 


1540 


1527 


1518 


1502 


16*75 


1680 


1C65 


1642 


1602 


1582 


1568 


1560 


1545 


170 


1726 


1710 


1682 


1648 


1623 


1612 


1602 


1593 


17-25 


1774 


1759 


1734 


1694 


1670 


1658 


1643 


1636 


17-5 


1822 


1802 


1780 


1738 


1717 


1705 


1687 


1680 


17-75 
180 


1870 
1923 


1852 
1900 


1825 
1873 


1781 
1838 


1760 


1647 


1631 


1622 


1805 


1793 


1780 


1770 


18 25 


1970 


1947 


1920 


1878 


1854 


1840 


1822 


1812 


18-5 


2022 


2000 


1970 


1920 


1900 


1890 


1870 


1860 


18-75 


2070 


2048 


2019 


1970 


1947 


1937 


1915 


1904 


190 


2122 


2095 


2067 


2020 


1994 


1980 


1970 


1956 


19-25 


2172 


2150 


2118 


2067 


2045 


2028 


2012 


2000 


19-5 


2226 


2200 


2166 


2117 


2097 


2080 


2061 


2050 


19-75 
200 


2279 
2331 


2250 


2218 


2167 
2220 


2142 


2124 


2108 


2097 


2303 


2270 


2188 


2174 


2160 


2150 


20 35 


2386 


2357 


2320 


2268 


2242 


2222 


2206 


2195 


20 5 


2440 


2408 


2378 


2320 


2293 


2261 


2255 


2244 


20-75 


2492 


2460 


2425 


2372 


2343 


2325 


2307 


2296 


31 


2550 


2517 


2480 


2427 


2391 


2375 


2861 


2350 


21-25 


2600 


2572 


2532 


2478 


2447 


2425 


2408 


2398 


21-5 


2658 


2626 


2588 


2530 


2500 


2480 


2460 


2450 


21-75 
22-0 


2712 


2682 


2642 
2700 


2585 


2550 


2538 


2517 


2503 


2772 


2739 


2640 


2605 


2583 


2570 


2555 


22-35 


2830 


2798 


2755 


2700 


2660 


2640 


2623 


2608 


32-5 


2888 2856 


2810 


2750 


2713 


2693 


2678 


2663 


22-75 


2945 1 2910 


2867 


2809 


2770 


2747 


2780 


2715 
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Table VIII.— Skin Fbiotional Bbsistance in Lb. pbb 1000 Squabk 

FxBT OF Wbttbd Subfaob fob Various Lengths of Ships 

AT DiFFBBBNT Bfwmds -^continued). 



Speed 

in 
Knots 


100 ft. 

=•00970 
11=183 


160 ft. 

/ 
= 00957 

»=r83 


200 ft 

/ 

= 00944 

»=1'83 


sooft 

/ 

= 00923 
n=l-83 


400 ft. 
/=*00910 
ll=l'8S 


500 ft. 

/= 00904 

n=l>88 


600 ft. 

/=00899 

n=I-83 


700 ft. 

f=-008t4 

n=l*8S 


380 


8005 


2970 


2926 


2865 


2825 


2805 


2792 


2775 


38-25 


3065 


3028 


2982 


2925 


2882 


2860 


2845 


2880 


28-5 


8127 


3090 


3040 


2980 


2940 


2918 


2900 


2885 


23*75 


3187 


3150 


8105 


8090 


2990 


2974 


2860 


8941 


24-0 


8255 


3210 


3164 


3100 


3054 


3030 


8020 


3000 


24-25 


3814 


3270 


8225 


3160 


3115 


3088 


8078 


3060 


24-5 


3878 


8332 


3288 


3220 


3172 


8145 


3133 


3120 


24 75 


3440 


3395 


3350 


3280 


8232 


3208 


3192 


3180 


250 


3503 


8460 


3400 


8340 


3280 


3260 


8244 


3280 


25-25 


3568 


3520 


3475 


3405 


3354 


3326 


3314 


3300 


25*5 


3632 


3587 


3538 


3463 


8412 


3388 


3376 


3362 


25-75 


3700 


3652 


3600 


8528 


3478 


3450 


8435 


8420 


260 


8770 


8720 


3664 


3590 


3540 


3510 


3496 


3475 


26*25 


3832 


8780 


3727 


3654 


3600 


3570 


3558 


3540 


26-5 


3900 


3842 


8792 


3720 


3660 


3630 


3618 


3600 


26-75 


8970 


8910 


3858 


3780 


3725 


3695 


3680 


3660 


27-0 


4040 


3980 


8925 


3845 


8790 


3760 


3740 


8720 


27-25 


4105 


4048 


8987 


3908 


3850 


3822 


3802 


3782 


27-5 


4175 


4110 


4053 


3970 


8910 


3882 


3862 


3842 


27-75 
28-0 


4240 


4180 


4120 


4040 


3980 


8950 


3930 


3910 


4312 


4253 


4195 


4105 


4045 


4015 


3990 


8972 


28-25 


4380 


4320 


4257 


4170 


4110 


4075 


4060 


4040 


28-5 


4450 


4885 


4325 


4240 


4180 


4140 


4120 


4100 


28-75 


4522 


4460 


4398 


4307 


4242 


4210 


4188 


4168 


290 


4595 


4540 


4460 


4373 


4310 


4280 


4255 


4240 


29-25 


4667 


4603 


4535 


4440 


4380 


4342 


4320 


4300 


29-5 


4738 


4672 


4600 


4510 


4-150 


4410 


4388 


4368 


29-75 


4810 


4747 


4677 


4580 


4520 


4480 


4458 


4438 


80*0 


4880 


4840 


4755 


4652 


4590 


4550 


4530 


4500 


80-25 


4960 


4887 


4820 


4720 


4660 


4620 


4598 


4578 


80-5 


5020 


4960 


4890 


4790 


4740 


4690 


4660 


4640 


80*75 


5120 


5050 


4970 


4860 


4795 


4762 


4735 


4695 


81-0 


5200 


5135 


5050 


4950 


4880 


4850 


4815 


4780 


81-25 


5265 


5205 


5125 


5010 


4940 


4910 


4880 


4840 


31-5 


5345 


5285 


5204 


5085 


5015 


4985 


4953 


4912 


81-75 


5430 
5510 


5365 


5288 


5165 
5250 


5095 


5060 


5030 


4992 


^6 


5454 


5350 


5167 


5140 


5104 


5075 
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Table IX.— Skin Homr-Powbr per 1000 Sqitaes Feet of Wbttei> 
Surface for Yarious Lengths of Ships at Diffsbemt 

Speeds (from Curves). 



Sp6«l 


















in 


100 ft. 


IfOft. 


200 ft. 


300 ft. 


400 ft. 


too ft. 


600 ft. 


YOOft. 


Knots 


















4*5 


2-09 


2-062 


2-038 


1-99 


1-965 


1-95 


1-94 


1-927 


4 


76 


2 


44 
83 


2 


•4 


2 

2 


•379 
75 


2 


843 


2 


815 


2- 


•29 


2*28 


2-27 


6 


00 


2 


2 


•79 


2 


•69 


2 


655 


2 


68 


2-62 


2*615 


5 


26 8 


253 


3- 


215 


8 


•19 


8 


•15 


8 


•1 


8 


•08 


8-042 


8*01 


5 


60 


3 


-68 


8 


68 


8 


•57 


8 


•51 


8 


•48 


8 


•44 


3-41 


8*89 


5 


76 


4' 


21 


4 


•14 


4 


•10 


4 


•03 


8 


•99 


8 


•95 


8-946 


8*94 


8 


00 


4 


•74 


4 


•66 


4 


•60 


4 


•55 


4 


•50 


4 


•46 


4-40 


4*36 


6 


26 


5 


•86 


5 


•27 


5 


•2 


5 


•11 


5 


07 


5 


•015 


4-962 


4*92 


6 


6 


5 


93 


5 


•86 


5 


•77 


5 


•67 


5 


•61 


5 


•55 


5-51 


5.46 


6 

7 


76 
00 


6 

7 


62 
81 


6 


•62 


6 

7 


•385 
1 


6 


2 


6 


15 


6 


•10 


605 


5-99 


7' 


225 


6 


95 


6 


•9 


6 


•81 


6-76 


6 71 


7 


26 8' 


1 


8' 


•0 


7 


•84 


7 


•68 


7 


•6 


7 


■52 


7-48 


7*43 


7 


60 


8' 


'875 


8 


•8 


8' 


61 


8- 


•45 


8' 


85 


8 


•26 


8-21 


8-16 


7 


76 


8 


•88 


8 


•99 


9 


•08 


9 


2 


9 


•38 


9 


■56 


9-6 


9*65 


8 


00 


10 


7 


10' 


•61 


10 


4 


10 


•25 


10' 


05 


9 


■95 


9-9 


9-85 


8 


26 


11 


•75 


11 


625 


11 


425 


11 


25 


11 


•05 


10 


•925 


10-875 


10-825 


8 


6 


12 


8 


12 


65 


12 


45 


12 


•225 


12 


05 


11 


•90 


11-85 


11-80 


8 
9 


76 
00 


13 
14 


85 
9 


13 
14 


675 

7 


13' 


475 


18 


225 


13 
14 


•025 
•0 


12 


9 


12-82 


12-75 


14 


45 


14 


•2 


18 


9 


18-82 


18-75 


9 


26 


16- 


8 


16 


03 


15- 


■8 


15 


•5 


15 


8 


15 


■1 


14*98 


14-95 


9 


6 


17' 


6 


17 


8 


17 


•03 


16 


•66 


16 


•49 


16< 


•8 


16*22 


16 15 


9 


76 


18' 


85 


18 


6 


18' 


32 


17 


•92 


17 


75 


17 


54 


17-44 


17-84 


10 


00 


20' 


22 


19 


•9 


19 


55 


19 


2 


18 


95 


18' 


•8 


18-7 


18-6 


10 


26 


21 


45 


21" 


2 


20- 


•85 


20 


42 


20' 


25 


19' 


98 


19-9 


19-82 


10 


6 


22 


95 


22' 


•7 


22- 


8 


21- 


9 


21 


•7 


21 


45 


21*85 


21-25 


10 


76 


24 
26 


575 
■25 


24 
25' 


2 

95 


23 


8 


28 


4 


23 


1 


22' 


•82 


22-72 
24*8 


22-62 


11 


00 


26 


45 


24 


•95 


24 


65 


24' 


•4 


24-2 


11 


26 


27 


9 


27- 


4 


26' 


•95 


26 


4 


26 


1 


25 


9 


25-8 


25*7 


11 


6 


29 


•65 


28 


94 


28- 


•45 


27 


•95 


27 


6 


27 


3 


27-2 


27-1 


11 


76 


31 


•4 


30 


•6 


30' 


•15 


29' 


•7 


29 


8 


29 


■13 


28-97 


28-8 


12 


00 


33 


6 


33 


2 


82 


'6 


32 





81 


•9 


81' 


•4 


81-1 


80-95 


12 


26 


35 


41 


34" 


9 


34 


85 


33 


75 


83 


45 


83 


16 


82-75 


82-6 


12 


6 


37 


•25 


36' 


73 


86 


15 


35 


45 


85 


15 


34 


•8 


84-55 


84-3 


12 
18 


76 
00 


39 


•25 


38 
40 


75 
•75 


38' 


05 


37 


35 


87 


•00 


36- 
88' 


•6 

■4 


86-4 
38-2 


86*06 


if 


•15 


40 


•00 


39 


•2 


38' 


6 


38-0 


18 


26 


43 


•92 


43 


•4 


42 


6 


41 


8 


41 


•5 


40' 


•76 


40*45 


40*25 


18 


6 


4G-4 


45-8 


45-05 


44-05 


48-4 


48-00 


42-8 


42-5 
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TikBLE IX. — Skin Hobsx-Powxb fib 1000 Square Feet of Wettbt 

6OBFAOE FOB YABIOUS LbNOTHB OF ShIPS AT DIFFEBEHT 

Speeds (frmn Gunre8)^oon<tituMi). 



Speed 








• 








in 


IfOft. 


150 ft. 


200 ft. 


800 ft. 


400 ft. 


600 ft. 


000 ft. 


700 ft 


Knots 














• 




18*75 


49*15 


48*4 


47*7 


46*8 


46-0 


45 


•6 


45*4 


45-05 


1400 


52-3 


51*5 


50*75 


49*75 


49*00 


48 


-6 


48-4 


48-00 


14*25 


65*2 


54-35 


53*6 


52-6 


51*8 


51 


-45 


51*1 


50-8 


14-5 


57*75 


57-05 


56-35 


55*2 


54*4 


54 


•0 


53-65 


53-4 


14-75 


60*5 


59-8 


69-05 


57*75 


56*75 


66 
59 


-6 
3 


56-25 


56-0 


15 00 


63-5 


62-6 


61-9 


60*5 


59-6 


58-9 


58-5 


15*25 


66-8 


66-0 


64-82 


63-6 


62-42 


62 


-3 j 61-8 


61-4 


15*5 


69-6 


69*0 


67-75 


66-2 


65-4 


65 


•1 


64*70 


64-3 


15-76 


73-0 


72*2 


70-8 


69*2 


68-4 


68 


•1 


67-5 


67-1 


16-00 


76-25 


75*25 


74*1 


72*5 


71*5 


71 


•0 


70-5 


70*1 


16-25 


79-8 


78-8 


77-6 


76*8 


74*9 


74 


•4 


74*0 


73*5 


16-6 


83-4 


82-6 


81*2 


79-4 


78*4 


78 


•0 


77*4 


76*8 


16-75 


87*0 


86-15 


84-6 


82-8 


81-8 


81 


•4 


80-95 


80-2 


17-00 


90*5 


89*5 


88-0 


86-15 


85-00 


84 


•4 


83*75 


83-35 


17-26 


94-54 


93-4 


92*15 


90*1 


88*9 


88 


•4 


87*75 


87*1 


17-50 


98-4 


97*5 


96-0 


93*9 


92*7 


92 


•25 


91*55 


90*9 


17*75 


102*25 


101*2 


100-0 


97-75 


96*4 


95 


•9 


95*2 


94*6 


18*00 


106-3 


105-0 


103-85 


101*4 


100*0 


99 


4 


98*6 


98-1 


18*25 


110*4 


109-8 


107-5 


105*8 


103-6 


102 


•8 


102 


101*4 


18*6 


114* 15 


112-4 


111*1 


108*4 


107*2 


106 


15 


105*4 


104*8 


18-76 
1900 


118*15 


116*2 


114-8 


112-0 


110*6 


109 


•8 


108*95 


108*3 


122 


120 


118*8 


116*0 


114*5 


113 


•75 


112*9 


112 02 


19*25 


127*4 


125*35 


124*0 


121*1 


119*5 


118 


•7 


117*7 


116-9 


19*5 


132*1 


130*3 


128-7 


127*6 


124-0 


123' 


1 


122-2 


121-2 


19-75 


137*75 


136*5 


134-6 


131-4 


129*7 


128 


•8 127-8 


126*8 


90-00 


148-2 


141*8 


139-5 


136-5 


134-65 


134 


1330 


132*1 


20*25 


148*3 


147*75 


144*5 


141*5 


139*3 


138 


8 138-0 


137*0 


20 5 


153*3 


151-5 


149*0 


146-2 


144*0 


143- 


25 142*5 


141*4 


20-75 


158*5 


156-7 


154*1 


151*0 


148*5 


148- 


147-2 


146*4 


21 00 


164*5 


162*0 


160-0 


156*8 


164-5 


153' 


1 152*5 


151*8 


21 25 


170*0 


167*5 


165- 1 


161*75 


159-3 


158' 


157-25 


156-5 


21-5 


175*5 


172-75170-26 


167 00 


164-7 


163' 


162*25 


161-5 


21 T5 


180*5 


178*75 


176*3 


172-5 


170-5 


169- 


168-25 


167-1 


22 00 


187-5 


185 


182*5 


178-5 


176*5 


174- 


75 ,174-0 


172-5 


22 25 


193-4 


190*5 


188-0 


184-25 


182-25 


180- 


5 179*5 


178*25 


22*50 


199*5 


196-25194*0 


190-25187-85 


186- 


35 165*5 


184-3 


fai-75 206-0 


202-75401-4 

1 


196*0 193-7 192-25 191-7 


190-15 
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Table IX.— Skin Hobss-Powkb peb 1000 Squabb Febt of Wbttbd 

SUKFAOB FOB VABIOUS LbBOTHS OF BhIFS AT DTFFBBEHT 

Spbeds (from Curree)— (oofiKmiad). 



Speed 

in 
Knott 


100 ft. 


160 ft. 


300 ft. 


800 ft. 


400 ft. 


iOOft. 


•00 ft. 


700 ft. 


2S00 
28*25 
28*50 
28*75 


212*25 210*00' 
219*0 215*75 
225*8 222*8 
232*75229*5 


207*0 
213*3 
220*0 
227 


202-3 
208*75 
205*25 
222*0 


200*0 
206*0 
212*4 
219 


198*5 
204*5 
211*0 
217*25 


197*6 
203*75 
210*0 
216*5 


196*0 
202*0 

208-4 
215*0 


24*00 
24 25 
24*5 
24*75 

25*00 
25*25 
25*5 
25*75 


239*75236*5 
247*75244*0 
255*00251*25 
262*5 258*1 


233*5 
240*5 
247*15 
254*1 


228*25 

235*2 
242 
249*0 


225*0 
282*0 
238*75 
245*0 


223*5 
230*2 
2370 
243*4 


222*5 
229-2 
236 
242*5 


221*0 
227*5 
234*0 
240*5 


269-5 
277*5 
285*75 
293*5 


266*0 
273*5 
281*25 
289*25 


261*5 
269*15 
276*3 
284*0 


256*5 
264*1 
271*3 
279*25 


262*0 
260*0 
267*3 
274-4 


250*5 
258*5 
2660 
273*25 


249*5 
257*5 
265*0 
272*0 


248 
2560 
263*3 
270*75 


2600 
26*25 
26*5 
26*75 


301*9 
810*5 
319*0 
827*5 


297*5 
805*8 
814*25 
822 


293*5 
800*9 
809-75 
817*5 


287*0 
294*5 
303*0 
810*5 


282*5 
290*0 
298*8 
306*0 


281 
288*76 
296*8 
304*0 


279*5 
287*0 
286*25 
802*0 


278*0 
285*6 
283*8 
800*5 


27*00 
27*25 
27*5 
27*75 


336*00 3300 
342*75337*5 
850*0 |345*0 
857*75352*6 


826*0 
833 
840*0 
847*5 


819 
326*0 
833*25 
341*0 


814*5 
321-5 
828*0 
336*0 


312*0 
819*0 
325*5 
333*0 


810*0 
817*0 
324*0 
331*25 


808*25 
315 
321*5 
329*0 


28*00 
28*25 
28*5 
28*75 


866* i25 
375*00 
384*0 
894*5 


361*0 
369*25 
878*5 
389*25 


355*0 
863-5 
372*5 
882*5 


348*5 
356*5 
366*0 
376*0 


343*25 
351*25 
360*5 
! 370*0 


340 
848*0 
857^0 
366*5 


838*3 
346*5 
355*5 
365*0 


836*0 
844*25 
3630 
363-0 


29 00 
29 25 
29 5 
29*75 


405*0 
416*0 
427*5 
438*5 


400-0 
410-5 
423*0 
434-25 


893*0 
404*0 
415*5 
426*5 


385*0 
397-0 
408 
418*5 


380*0 
.S91*0 
402*0 
413 


376* 
387*0 
3980 
408*5 


374*0 
385*0 
396*0 
406*6 


3720 
382*5 
394*0 
404*0 


80 00 
80*25 
80*50 
80 75 


451*0 
461*5 
472*6 
483-4 


4460 
456*8 
466*75 
477*2 


439*0 
449*5 
469*5 
470*2 

480*0 
491*9 
603 
614*4 


430*0 
440*5 
451*0 
461-3 


425 
434*5 
444*4 
455*0 


420*0 
431*5 
4420 
4530 


418*0 
428*5 
438-8 
449*0 


416-0 
426*5 
436*25 
446*5 


81 00 
81-25 
81*60 
81*75 


495*0 
506*0 
518*0 
530*0 


488*0 
498*75 
510*5 
622*0 


471*5 
483*0 
490-3 
500-75 


465*0 
476*0 
487*0 
480*0 


462*0 
474*0 
484 
494-75 


469*0 
470*0 
480*5 
491*5 


456*0 
467-2 
470-7 
488-5 


82 00 


544*0 


636*0 


627*0 


617*0 


510*0 


506 


602*6 


500*0 
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Table X. 



H.M.S. "Iris," 18-573 knots, 
300 X 46 08 X 1808. Displace- 
ment = 3 290 tons. Mid-area 
coefficient = "889. Wetted sur- 
face by Mumford's (Denny's) 
formula = 15 570 sq. ft, with 
an addition of 5 per cent., mak- 
ing wetted surface = 16 340 

H.M.S. *'Iris," 18 573 knots^ 
same dimensions, but wetted 
surface taken from Mr G. S. 
Baker's book = 18 600 sq. ft., 
which is 19 J per cent, over 
the value given by Denny's 
formula (and possibly includes 
appendages) 



Skin H.P. from 
Froude's constants 

for salt water : 
/ = -008 92 for 300 ft. 
f = -009 03 for 188 ft. 

71 taken at 2*83. 



Skin H.P. from 
our tables, based on 
Tideman's constants 

for salt water : 
f= -009 23 for 800 ft. 
/= 009 46 for 188 ft. 
n = 2*83. 



\ 



1739 



J 



1833 



U.S.S. "Manning,"188x 32-81 
X 1233 ft. mean draught. A = 
10007 tons. 16 knots. Wetted 
surface given by Prof. Peabody 
as 7 273 sq. ft., which is 5^ per 
can t. above the value calculated 
from Denny's formula 

T.S.S. '*H," 418x52x23 ft 
mean draught. A = 9 100 tons. 
Block coefficient = '637. Mid- 
area coefficient = -956. AVetted 
surfEWje from Denny's formula 
= 30 300 sq. ft 14^ knots 



1980 



2 048 



515 



1692 



539 



J 



1635 



Other methods of arriving at the skin friction horse-power are 
the following :— 

(1) Mr R. E. Fro)ide's F^ - F^ = (0^ - 08)SL-i7«, using the 
values of in the table (p. 78). This is the method employed 
at Haslar, and is the basis of the correction for (cT) value used by 
Mr Baker at the National Physical Laboratory. 

(2) Mr D. W. Taylor's Contours of Frictional Resistance in 

3 
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pounds per ton of displacement, the ordinates being Displacement 
length coefficient , t n 3 , up to 160, and the abscissae Speed - 

viooy 

V 

length-ratio -~r • 

See The Speed and Power of Ships, vol. ii, fig. 78. 

(3) Tables VIII and IX in this hook, giving skin H.P. and resist- 
ance per 1 000 sq. ft. of wetted surface at various speeds, perhaps 
the handiest fo r naval architects engaged in ordinary work. 

In a paper read before the Institution of Naval Architects in 
April 1916, Mr G. S. Baker gave an account of experiments made 
recently at the National Physical Laboratory, and also by Beaufoy, 
which showed that the skin friction of a ship-shaped form was 
considerably in excess of that of a plane board. The ordinary 
method of calculating the skin frictional resistance of a model 
or ship is based upon the hypothesis that the immersed skin is 
equivalent in resistance to that of a rectangular plane surface of 
equal area and length in line of motion, but Mr Baker's experi- 
ments at the National Physical Laboratory, with models towed at 
very low speeds, showed that the resistances of all the models 
were in excess of those for planks of the same wetted surface, and 
that the fulness of the form affected the result. Beaufoy tested 
several submerged to such a depth that wave-making was absent. 
Dr Lees advocated towing submarines of 100 ft. to 200 ft. in 
length, and it is hoped that this will be found possible. Mr 
Baker's experiments gave the following results : — 

Table XI. 



Type of model. 


Length 
in feet. 


Prismatic 
coefficient. 


Actual skin resistance 


Calculated skin resistance ' 


Mercantile steamer . 
T.B. destroyer . 
Battleship 
"Greyhound". 
Mercantile steamer . 


16-0 
14-4 
14-4 
10-8 
16-0 
15-9 
16-0 
16-0 
15-0 
16*0 


•60 
•64 
•68 
•68 
•68 
•69 
•70 
•76 
•81 
•83 


I'l 

1 05 

1-1 

1-1 

1-11 

1-14 

1-19 

1*17 

j.gg. Some eddy- 

. .og \ making 

^ present 
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Using Captain Dyson's figures, we have the following : — 



Name. 


Beam as 
percent- 
age of 
length. 


9k 
Coef. 


Block 
coef. 


Pris- 
matic 
coef. 


Appendage 
resistance in 
percentage 
of bare hull 
resistance. 


No. of 
shafts. 


Baltimore . 
Biddle . 
Birmingham 
Castine 
Chester 

Cincinnati 
Columbia . 
Cushing . 
Cyclops . 
Decatur . 


15-4 
11-2 
11-2 
157 
11-2 

140 
14-1 
104 
12-3 
9-4' 


•842 
724 
•667 
•854 
-724 

•873 
•869 
700 
•984 
•658 


•515 
•478 
•405 
•504 
•400 

•493 
•491 
•386 
•726 
•461 


•612 
•660 
•608 
•590 
•553 

•565 
•566 
•552 
•739 
•702 


121 
97 
11^0 
12^8 
11-3 

13^4 
13^2 
10^9 
12^9 
8^3 


2 
2 
2 
2 

4 

2 
3 
2 
2 
2 


Delaware . 
50- ft. launch . 
Fuel barge 
Indiana . 
Iowa 

Eatahdin . 
Kentucky . 
Macdonough 
Mackenzie 
Maine (old) 


167 
20-0 
15-6 
19-9 
20-06 

167 
19-6 
9-2 
12-9 
17-9 


•978 

• • ■ 

•980 
•931 
•944 

734 
•957 
•755 
700 
•859 


•600 
•352 
•886 
•622 
•630 

•461 
•643 
•404 
•420 
•574 


•614 

• • • 

•904 
•669 
•668 

6-29 
•672 
•535 
•600 
•669 


18^0 

2-7 

3-6 

16 1 

19-4 

70 
187 
12^1 

2^3 
12-2 


2 
1 

1 
2 
2 

2 

2 
2 
1 
2 


Monterey . 
New Jersey 
North Dakota . 
Orion 
Paducah . 

Preble 
Smith 
Stockton . 
Talbot 
Truxtun . 


23-1 
17-5 
167 
12-5 
20-0 

9-6 

9 

10-0 

12-6 

9*0 


•905 
•906 
•978 
•986 
•860 

770 
•649 
•730 
•800 
•675 


•643 
•656 
•600 
•726 
•520 

•410 
•407 
•399 
•337 
•370 


•710 
•724 
•614 
•736 
•605 

•533 
•628 
•547 
•421 
•549 


154 
13^4 
17^0 
129 
137 

80 •© 
97 

11^8 
3^6 

10^9 


2 
2 
2 
2 
2 

2 
3 
2 
1 
2 


Utah 

Vicksburg 
Wyoming . 


17-3 
21-4 
16-8 


•979 2 

•820 
•986 


•583 7 

•482 

•618 


•596 
•589 
•6-26 


15-8 

3 

15^4 


4 
1 
4 



See also p. 377. 



CHAPTER III. 

THE LA W OF COMPARISON OR PRINCIPLE 

OF SIMILITUDE. 

Ratios used in applyifig the Law of Comparison when passing^ 
from one size of ship to another^ at corresponding speeds. 

Let us call any ship whose residuary resistance, or residuary or 
wave-making effective horse-power is known, the type ship ; then, 
if we are considering another vessel I times as long as the type 



ship li,e. -^ = n,"' 



All linear dimensions vary as 

Speeds of ship, speeds of revolution, etc., vary as . 
Surfaces, wetted skin of ship, midship areas, piston areas 

etc., vary as 

Displacements, weights, and cubic measurements vary as 
Pressures in engines, water or steam, and residuary resist 

ances, thrust and torque, vary as . 

Residuary horse-powers vary as ^Z x Py i.e. . 



I 

P 
P 

13'6 



These simple mathematical ratios, however, are not applicable 
to the skin friction element of the total horse-power. 

E.H.P. = residuary H.P.-fskin H.P. 

Mr Hillhouse mentions P'*^^ as a convenient ratio according to 
which skin friction power varies, deduced from Froude's and 
Tideman's experiments with planes towed' through water. 

* Professor Archibald Barr's admirable paper on "Similar Structures aud 
Machines," read before the Institution of Engineers and Shipbuilders in Scotltuid 
in 1900, will be found interesting in this connection. 
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Table XII.— Multipliers used in applying the Law of Com- 
parison, AND converting TO 100-FT. MODELS. 



Ship 
length 


s/l. 


L2. 


L3. 


L 

LOO 


Vioo/ 


/ L \s-6 
VlOo/ 


L. 






c 


)r^ 


oris. 


or i3-6. 


8 


2-828 


64 


256 


•08 


•000 512 


000 144 79 


9 


300 


81 


729 


•09 


-000 729 


OOO 218 7 


10. 


3162 


100 


1000 


•10 


•001 00 


000 316 2 


11 


3-316 6 


121 


1331 


11 


•001 831 


000 441 4 


12 


3-464 


144 


1728 


12 


-001 728 


•000 598 5 


18 


3-605 5 


169 


2197 


13 


•002 197 


000 792 1 


14 


3-741 6 


196 


2 744 


•14 


•002 744 


001 028 


15 


3-872 9 


225 


3 375 


15 


•008 375 


-001 309 


16 


4-00 


266 


4 096 


16 


•004 096 


•001 638 4 


17 


4123 1 


289 


4 913 


17 


-004 918 


002 024 


18 


4-242 6 


324 


5 832 


18 


-005 832 


•002 474 


19 


4-358 8 


361 


6 859 


19 


-006 859 


•002 99 


20 


4-472 1 


400 


8 000 


20 


•008 00 


•003 58 


21 


4-582 5 


441 


9 261 


21 


-009 261 


•004 24 


22 


4-690 4 


484 


10 648 


22 


-010 648 


•004 99 


23 


4-795 8 


529 


12167 


23 


-012 167 


005 83 


24 


4-898 

1 


576 


13 824 


24 


•013 824 


•006 76 



If we continued this table, the values of L'-^ and L^ would 
become inconveniently large, therefore we make a table of 
f unctionfl of /, thus : 



Ship 
length 



23 



/. 



24 



•23 



•24 



\/.l. 



l^. 



•479 58 j 052 9 
•489 8 !057 6 



Z3. 


l^\ 


•012 167 
■013 824 


•005 83 
•006 76 



. _ length of ship 

Too 



and continue as in Table XIII. 
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Tablb XIII. —Multipliers Used in Applying the Law 

OF Comparison. 



Ship 
Lgih. 


I 


V7 


V 


1* 


JS.f 


Ship 
Lgth. 


I 

•60 


VT 


P 


I* 


•1670 








60 


•774 


•360-- 


•2160 














61 


•61 


•781 


•372 


•2270 


•1771 














62 


•62 


•787 


•384 


•2383 


•1875 














68 


•63 


•793 


•397 


•2500 


•1981 


24 


•24 


•490 


•0576 


•0138 


•00676 


64 


•64 


•800 


•409 


•2621 


•2096 


25 


•25 


•500 


•0625 


•0156 


•00780 


65 


•65 


•806 


•422 


•2746 


•2215 


26 


•26 


•510 


•0676 


•0175 


•00892 


66 


-m 


•812 


•435 


•2875 


;2335 


27 


•27 


•519 


•0729 


•0197 


•01023 


67 


•67 


•818 


•449 


•3007 


•2460 


28 


•28 


•529 


•0784 


•0219 


•01158 


68 


•68 


•824 


•462 


•3144 


•2590 


29 
30 


•29 
•30 


•538 


•0841 

•0900 


•0244 

•0270 


•01311 


69 
70 


•69 
•70 


•830 


•476 


•3285 


•2728 


•547 


•01476 


•836 


•490 


•3430 


•2870 


81 


•31 


•556 


•0961 


•0298 


•01(558 


71 


•71 


•842 


•504 


•3579 


•3012 


32 


•32 


•565 


•1024 


•0327 


•01849 


72 


•72 


•848 


•518 


•3732 


•3160 


38 


•33 


•574 


•109 


•0359 


•0206 


73 


•73 


•854 


•533 


•3890 


•3320 


84 


•34 


•583 


•115 


•0393 


•0229 


74 


•74 


•860 


•547 


•4052 


•348 


85 


•35 


•591 


•122 


•0428 


•0253 


75 


•75 


•866 


•562 


•4218 


•365 


86 


•36 


•600 


•129 


•0466 


•0279 


76 


•76 


•871 


•577 


•4389 


•382 


87 


•37 


•608 


•137 


•0506 


•03075 


77 


•77 


•877 


•593 


•4565 


•400 


38 


•38 


•616 


•144 


•0548 


•03371 


78 


•78 


•883 


•608 


•4745 


•418 


39 
40 


•39 
•40 


•624 


•152 


•0593 


•0370 


79 
80 


•79 
•80 


•889 


•624 


•4930 
•5120 


•438 


•632 


•160 


•0640 


•0404 


•891 


•640 


•456 


41 


•41 


•640 


•168 


•0690 


•04415 


81 


•81 


•900 


•656 


•5314 


•478 


42 


•42 


•648 


•176 


•0741 


•0480 


82 


•82 


•905 


•672 


•5513 


•499 


43 


•43 


•655 


•185 


•0795 


•0521 


88 


•83 


•911 


•690 


•5717 


•521 


44 


•44 


•663 


•193 


•0852 


•05645 


84 


•84 


•916 


•705 


•5927 


•543 


45 


•45 


•671 


•202 


•0911 


•0611 


85 


•85 


•922 


•722 


•6141 


•566 


46 


•46 


•678 


•211 


•0973 


•0659 


86 


•86 


•927 


•739 


•6360 


•590 


47 


•47 


•685 


•221 


•1038 


•0711 


87 


•87 


•932 


•757 


•6585 


•613 


48 


•48 


•693 


•230 


•1105 


•0765 


88 


•88 


•938 


•774 


•6814 


•639 


49 
50 


•49 
•50 


•700 


•240 


•1176 


•0823 


89 
90 


•89 
•90 


•943 


•792 


•7049 


•665 


•707 


•250. 


•1250 


•0883 


•948 


•810 


•7290 


•691 


51 


•51 


•714 


•260 


•1326 


•0946 


91 


•91 


•954 


•828 


•7535 


•718 


52 


•52 


•721 


•270 


•1406 


•1014 


92 


•92 


•959 


•846 


•7786 


•746 


53 


•53 


•728 


•281 


•1488 


•1082 


93 


•93 


•964 


•865 


•8043 


•775 


54 


•54 


•734 


•291 


•1574 


•1155 


94 


•94 


•969 


•883 


•8306 


•805 


55 


•55 


•741 


•302 


•1663 


•1233 


95 


•95 


•974 


•902 


•8573 


•835 


56 


•56 


•748 


•313 


•1756 


•1312 


96 


•96 


•979 


•921 


•8847 
•9126 


•865 


57 


•57 


•755 


•325 


•1852 


•1399 


97 


•97 


•984 


•941 


•897 


58 


•58 ^761 


•336 


•1951 


•1485 


98 


•98 


•990 


•960 


•9411 


•932 


59 


•59 -768 


•348 


•2053 


• 1578 


99 


•99 


•995 


•980 


•9703 -965 1 
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Table XIII. — Multiflieks Used in Applying the Law of 

Comparison— {continued). 



I VT 



r- 



00 

005 

010 

015 

019 



1-024 
1-029 
1034 
1-039 
1-044 



00 

020 

040 

061 

081 



048 
053 
058 
•063 
•067 



1-102 
1 - 123 
1-145 
1-166 
1-188 



210 
'232 
•254 
•277 
■299 



00 

030 

061 

092 

124 

1-157 
1-191 
1-225 
1-259 
1-295 



1-072 
1-077 
1-081 
1-086 
r090 

1-095 

1-10 

1-104 

1-109 

1-113 

1-118 
-122 
-127 
•131 
•135 



140 
144 
149 
153 
157 



1-322 
1-345 
1-369 
1-392 
1-410 



1-440 
1-464 
1-488 
1-513 
1-537 



562 
■587 
•613 
•638 
•664 



Z»-' 



1-00 
1-035 
1-070 
110 
145 

185 
226 
267 
308 
352 



331 
367 
•405 
■442 

•481 

■521 
■560 
•601 
•643 
685 



Ship 
I'gth. 



1-396 
1-439 
1-487 
1-532 
1-580 



630 
680 
■730 
•784 
•837 



■728 

771 

•815 

861 

•906 

•9532 
• 000 2 
•0482 



140 
141 
142 
148 
144 

146 
146 
147 
148 
149 

150 
161 
162 
168 
164 

166 
166 
167 
168 
169 



{ 



1-40 
141 
1-42 
1-43 
1-44 



1-690 
1-716 
1-742 
1-769 
1-795 



1621 
1661 



097 
146 



197 
248 
299 
352 
406 



•890 
•946 
•005 
•067 
•120 

•182 
•245 
•308 
•370 
•435 



37 

38 



170 
174 



8222 

849 

877 



904 2 



460 
2-515 
2^571 



502 
569 
641 
710 
785 

'856 
•930 
3-008 
3^085 



628, 
l-39;M79il-932|2-6853-161 



160 

161 
162 
163 
164 

166 
166 
167 
168 
169 

170 
171 

172 
178 
174 

176 
176 
177 
178 
179 



45 

46 

47 

•48 

•49 



1- 

1' 

1 

1 

1 

1 
1 
1 
1 
1 



V7 



1-183 
I- 187 
1-191 
1-19612 
1-20 



204 2 
208,2 
2122 
2 
2 




960 2- 
988 2- 
016 2- 
0452- 
073 2- 

•102|3' 
1313' 
•1613' 
•190 3' 
•220 



501-2242- 
51 ;1 -229,2 
52,1-232,2 



531 
54 



55 



237 
1-241 

1-245 
56; 1-249 
57:1-253 
58,1 • 257 
59'l-261 

~~ 1-205 
1-269 
1-272 



1-60 

1-61 

1-62 

l-63;l-276 

1-6411-280 



2- 
2- 

2- 
2- 

2' 

2' 

2^ 

2" 

2 

2 

2 

2 



'250 3- 
2803' 
310|3' 
3413' 
3713 

402 3' 
433 3 
465 3 



496 

528 

5604 

5924 
6244 



1-65,1 
l-66;i 
l-67il 
l-68!l 
1-691 

1-70,1 
l-71il 
l-72;i 
I •731 
174!l 



657 
689 



•2842' 

-2882' 

2922 



744 
803 
863 
924 
986 

048 
112 
176 
241 

308 

375 
443 
511 
581 
652 

723 
796 
869 
944 
019 

•096 

173 

251 

•330 

•411 



492 
574 



296 
300 



2 

2 

304 2 



7224 
755|4 
789 4-657 
822*4-741 
856 4-826 



75;i 
76' 1 

■77|1 
•781 
791 



-307 
-311 
-31512 
-3193 

-3233 
-326 3 
-330 3 
-334 3 
-338*3 



890,4-913 
924 5-000 
958,5 
99315 
0275 



088 
177 

268 



062 5 

097 

133 



359 
5-451 
5^545 
168 5-639 
204 5-735 



pi 



3-245 
3-329 
3-410 
3-493 
3-580 

3-662 
3-755 
3-850 
3-940 
4-030 

4- 130 
4-230 



4 
4 

4 

4 
4 
4 
4 
5 



328 
430 
530 

*637 
740 
841 
960 
061 



5-180 
5^290 
5-410 
5-520 
5-645 

5^770 
5^890 
6^015 
6-143 
6-270 



6-407 
6-537 
6-668 
6-800 
6-940 

7-090 

7-23 

7-38 

7-52 

7-66 
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Table XIII. —Multipliers Used in Applying the Law of 

Comparison — (widinued). 



Ship 1 
Lgth. * 

180 1-80 


r34i 


Z» 


I 


3 


V 


•5 


Ship 
lgth. 




I 


VT 




V 


V P* 


3 


•240 


5 


•832 


7 


•82 


220 2 


•201 


-483 4 


•84010 


■6415 


•76 


181 1-81 


1-345 


3 


'276 


5 


•929 


7 


•97 


221 


2 


•211 


•4864 


•88410 


•79,16- 


04 


182 1-82 


1-349:3 


•312 


6 


•028 8 


•12 


222 2 


221' 


489 4 


■92810 


94ll6- 


27 


183 1-83 


1-352 3" 


•349 


6 


•128 8- 


28 


223 2 


•23 




493 4 


•97311 


0916- 


54 


184 1-84 


1-3563 


•385 


6 


•229 


8 


44 


224 i2 


24 


1 1 


4965 


•01711- 


2416- 


80 


185 1-85 


1-3003 


422 


6- 


331 


8 


•61 


226 2 


25 


1 ■ 


500 5- 


06211- 


3917- 


08 


186 1-861-3633" 


•459 


6 


•434 


8 


•77 


226 2 


26 




503 5- 


10711- 


5417- 


34 


187 ,1-87 I -367 


3 


•497 


6 


•539 


8- 


•94 


227 


2 


27 




5065' 


•15311' 


6917- 


60 


188 I1-88 1-371 


3 


534 


6- 


•644 9 


•10 


228 


2 


28 


1 I 


509,5- 


19811' 


8517- 


87 


189|l-89 
190 1-90 


1-374 

1-378 


3- 


572 


6' 
6- 


751 

859 


9 
9 


•28 
45 


229 
230 


2 
2 


29 


1 1 


513:5 
"516i5" 


•24412- 
29012- 


0018' 
1618- 


14 

40 


3 


610 


301- 


191 1-91 


1-3823' 


648 


6- 


967 


9 


63 


231 


2 


3l|l' 


5195 


336112' 


3218' 


70 


192 1-92 


1-385 3' 


686 


7' 


077 


9 


80 


232 


2 


32 




523 5- 


382jl2' 


48:i9- 


00 


193 1-93 


1-3893' 


725 


7' 


189 


9- 


98 


233 


2 


•33 




526 


5 


42812- 


6519- 


30 


194 1-94 

1 


1-3933' 

1 


763 


7- 


301 


10 


•17 


234 


2- 


•34 




529 


5 


47512- 


8119- 


58 


1^6 1-95 


1-3963- 


802 


7' 


415 


10- 


35 


236 


2- 


35 




533 


5 


52212' 


9719- 


87 


196 1-96 


1-4003' 


841 


7' 


529 


10 


54 


236 


2- 


36 




536 


5 


569 


13 


14 20- 


17 


197 1-97 


1-4033' 


881 


7- 


645 


10' 


73 


237 


2- 


37 




539 


5 


617 


13 


3120 


50 


198 1*98 


1-407 


3 


920 


7' 


762 


lo- 


92 


238 


2 


•38 




542 


5- 


664 


13' 


4820- 


80 


199 1-99 

200 2-00 


1-410 


3- 


960 

00 


7' 
8^ 


880 
000 


ll 
U 


•10 
31 


239 
240 


2 
2' 


39 
•40 




546 
•549 


5 
5" 


71213 
■76013 


'65 

•82 


21- 


10 


1-414 


4 


21 


40 


201 201 


1-4174- 


040 


8' 


120 


11 


50 


241 


2 


41 




552 


5 


808 


13 


•99]21 


70 


202 2-02 


1-4214 


080 


8' 


242 


11 


71 


242 


2 


•42 




555 


5 


•856 


14 


•17 22- 


•05 


203 2-03 


1-4244 


120 


8- 


•365 


11 


•91 


243 


2 


•43 




■558 


5 


905 


14 


3422 


34 


204 204 


1-428 4 


161 


8 


489 


12 


11 


244 


2 


•44 




562 


5 


•953 


14 


•52 22 


•68 


205 205 


1-431 


4 


•202 


8' 


615 


12 


•33 


245 


2 


45 




565 


6 


•002 


14 


•70,23 


•01 


206 2-06 


1-4354 


243 


8- 


741 


12 


•53 


246 


2 


•46 




568 


6 


051 


14 


•8823 


•30 


207 207 


1-4384 


285 


8 


869 


12 


•76 


247 


2 


•47 




571 


6 


•101 


15 


•07,23 


■67 


208 2-08 


1-4424 


326 


8- 


999 


12 


•96 


248 


2 


•48 




574 


6 


•150 


15 


•25,24 


■00 


209 2-09 
2W 2-JO 


1-445 
1-449 


4 


•368 


9- 


129 


13 


18 


249 
250 


2- 
2 


•49 
50 




577 


6 


•2(»0 


15 


•43 24 


•35 


4- 


410 


9- 


261 


13 


40 




581 


6 


•250 


15 


•62 24 


•70 


211 2- 11 


l-452'4' 


452 


9- 


393 


13 


62 


251 


2 


51 




584 


6 


•300 


15' 


•8125- 


•04 


212 2-12 


1-4564' 


494 


9- 


•528 


13 


•85 


262 


2- 


52 




587 


6- 


350 


16- 


•0025 


4 


213 2-13 


1-4594' 


537 


9- 


663 


14 


•09 


263 


2 


53 




590 


6 


401 


16- 


•19 25 


•7 


214 2 14 


1-4634 


•579 


9' 


800 


14 


34 


264 


2 


54 




593 


6 


•451 


16 


•38 


26 


1 


215 2-15 


1-4664 


622 


9' 


938 


14 


56 


265 


2 


55 




596 


6- 


502 


16- 


58 


26 


5 


216 2-16 


1-4694- 


665 


10' 


•07 


14 


80 266 


2- 


56 




60 


6- 


553 


16- 


77 


26 


•8 


217 2 17 


1-473,4 


709 


10' 


21 


15 


05 


257 


2 


57 




603 


6' 


605 


16- 


97 


27- 


2 


218 2-18 


1-4764 


752 


10 


36 


15 


•28 


258 2 


58 




606 


6' 


656 


17- 


17 


27- 


55 


219 2-19 


1-479 4-796 


10-50 15-53 


269 2-59 


l-609!6-708!l7-37!27-9 | 
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Table XIII.— Multipliers Used in Applying the Law of 

Comparison — {continued). 



Ship 
Lgth. 

260 




I 


Vz 


V 


l^ 


p$ 


Ship 
Lgth. 

300 




I 


VT 


P 


P 


(»' 


•s 


2' 


60 




61216 • 


760 


17' 


57 


28' 


3 


3- 


001 


'732 


9 


00027' 


0046 


'8 


261 


2 


61 




615'6 


812 


17' 


77 


28' 


7 


301 


3- 


Oil 


735 


9' 


060,27' 


2747' 


3 


262 


2" 


62 




6186' 


864 


17' 


98 29- 


1 


302 


3 


021 


738 


9 


120 27' 


54|47 


8 


263 


2' 


63 




621 


6' 


917 


18 


•19 29' 


5 


303 


3' 


03 


1 


740 


9 


■18127 


■82 48 


5 


264 


2- 


64 




624 


6 


•970 


18 


39129 • 


•9 


304 3 


04 




743 


9 


■24128 


0948 


9 


266 


2 


65 




■627 


7" 


022 


18 


'61 


30' 


3 


306 3 


05 


* 


'746 


9' 


'30228' 


3749 


5 


266 


2 


'661 


630 


7' 


•075 


18 


82 


30- 


7 


306 


3 


•06 




■749i 9 


'36328' 


65 50 


•1 


267 


2 


•67 




•634 


7' 


•129 


19 


•03 


31' 


1 


307 


3- 


07 




752 


9 


■425 28 


9350 


■7 


268 


2 


•68 




'637 


7" 


182 


19 


'25 


31 


'5 


308 


3- 


08 




■755 


9 


■486129 


2251 


'3 


269 |2 

270 2 


•69 
■70 




■640 


7' 


'236 


19 
19 


'46 


31- 


9 


309 
310 


3 
3 


09 
10 




'757 


9 


•548 29 


50 51 


8 

"4 




■643 


7 


'290 


68 


32 


3 




■760 


9 


■610 29 


■7952 


271 2 


71 




■646 


7 


'344 


19 


•90 


32 


75 


311 


3 


11 




•763 


9 


■672 30" 


■0853 





272 2 


•72 




•649 


7 


•398 


20 


•12 


33" 


2 


312 


3 


•12 




766 


9 


•734 30 


■3753 


'6 


273 2 


'731 


■652 


7 


■452 


20 


'34 


33- 


'6 


313 


3 


•13 




•769 


9 


■79630 


•(654 


'2 


274 2 


•74 




•655 


7 


•507 


20 


•57 


34' 





314 


3 


14 




•772 


9 


•859 30 


■96 54 


'9 


276 2 


■75 




•658 


7 


•562 


20 


•79 


34- 


5 


316 


3 


15 




'775 


9 


■922 31 


■25!55 


4 


276 '2 


•76 




•661 


7 


•617 


21 


■02 


34 


•9 


316 


3 


•16 


I 


•777 


9 


•985 31 


'5556 


•1 


277 2 


•77 




•664 


7 


•673,21 


■25 


85 


'3 


317 


3 


17 




■78010 


■04 31 


• 85156 


'6 


278 2 


■78 




■667 


7 


•728'21 


■48 


35 


'8 


318 


3 


•18;i 


■78310 


•11 32 


•1557 


3 


279 2 

280 2 


■79 
■80 




•670 


7 


•784 21 


■71 


36 


2 


319 


3 



3 


191 
'201 


786 
^788 


10 


•17 


32 
32 


■46 
■76 


58 







•673 


7 


•840 21 


'95 


36 


■7 


320 


10 


24 


08 


5 


28112 


■81 




•676 


7 


•896i22 


•19 


37 


■2 


321 


3 


•21 




•79liJ0 


■30 


33 


■07159 


'2 


282 


2 


■82 




•679 


7 


■952i22 


•42 


37 


'6 


322 


3 


•22 




•794|10 


•36 33 


■3859 


8 


283 


2 


■83 




•682 


8 


•008'22 


■66 


38 


08 


323 


3 


•23 




•797,10 


■43 33 


•7060 


5 


284 


2 


■84 




•685 


8 


•065|22 


■90 


38 


'6 


324 |8 


•24 




•80 


10 


•49 


34 


■0161 


'2 


286 


2 


•85 




•688 


8 


•122 23 


•15 


39 


•0 


325 3 


•25 




■803'10 


•56 


34 


3361 


9 


286 2 


•86 




•691 


8 


• 179 23 


•39 


39 


'5 


326 !3 


•261 


■8i)oll0 


•62 


34 


■6462 


6 


287 2 


•87 




'694 


8 


•236 23 


•64 


40 


■0 


327 3 


•271 


808 


10 


■69 


34 


■9663 


2 


288 12 


■88 




•697 


8 


•294 


23 


•88 


40 


■5 


328 |3 


•281 


811 


10 


■76 


35 


2863 


'9 


289 ;2 

290 2 


■89 
•90 




•70 


8 


352 


24 


•13 


41 


■0 


329 3 


'291 
'30 1 


814 


10 


■82 


35 


'6l!64 


6 




'703 


8 


•410:24 


■39 


41' 


5 


330 


3 


816 


10 


■89 


35 


■9365 


■2 


291 2 


■91 




'705 


8 


•468124 


•64 


42- 





331 


3 


■31 




81910 


■95 


36' 


2665 


9 


29212 


■92 




'709 


8 


•526 24 


■89 


42 


5 


332 


3' 


32 




822 


11 


■02 


36' 


59 66" 


'7 


293 


2 


■93 




■711 


8 


■585 


25 


■15 


43 





333 


3' 


33 




825 11 • 


09 


36- 


9267' 


3 


294 


2 


■94 




•714 


8 


643 


25 


'41 


43- 


5 


334 


3 


34 




827 




15 


37" 


2668' 


1 


296 


2 


95 




•717 


8 


702 


25 


'6744 





336 


3- 


35 




830 




22 


37' 


5968' 


8 


296 


2" 


■96 




•720 


8 


761 


25 


'9344 


6 


336 


3" 


36 




833 




29 


37- 


93|69' 


5 


297 


2 


97 




723 


8 


•820 


26 


•1945' 


1 


337 j3 


37 




835 




35 


38 


27,70' 


2 


298 


2- 


98 




'726 


8 


880 


26- 


4645- 


6 


338 3 


38 




838 




42 


38" 


61:71' 





299 2-99 


1-729 


8-940 


26-73 


46-2 


339 3-39 


1-841 


11-49 


38-9671 


7 
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Table XIII.— Multiplibrs Used in Applying the Law of 

Comparison — {continued). 



Ship 
Lgth. 

340 
341 
342 
343 
344 

345 
346 
347 
348 
349 

350 
351 
352 
353 
354 

355 
356 
357 
358 
359 

360 
361 
362 
363 
364 

365 
366 
367 
368 
369 

370 
371 
372 
373 
374 

375 
376 
377 
378 
879 




I 


VT 


V 


l^ P"^ 


Ship 
Lgth. 

380 
381 
382 
383 
384 

385 
386 
387 
388 
389 

390 
391 
392 
393 
394 

395 
396 
397 
398 
399 

400 
401 
402 
403 
404 

405 
406 
407 
408 
409 


I 

3-80] 
3-81] 
3-82] 
3-83] 
3-84] 

3-85] 

3-861 
3-871 

3-881 
3-891 

3-901 
3-911 
3-921 
3-931 
3-941 

3-951 
3-961 
3-971 
3-981 
3-991 

4-002 
4-012 
4-022 
4-032 
4-042 

4-052 
4-062 
4-072 
4-082 
4-09 2 

4-102 
4-112 
4-12'2 
4-132 
4-142 

4-152 
4-162 
4-172 
4-182 
4-192 


VI 

1-949 
L-952 
L-954 
1-957 
L-959 

[-962 
L-964 
L-967 
•969 
[•972 


P 


I* 


«»•• 


3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

I 

3 
3 
3 

3 
3 
3 
3 
3 

3 

3 

3- 

3- 

3" 

3- 
3- 
3- 
3- 
3- 


•40 
-41 
•42 
-43 
-44 

•45 
•46 
•47 

•48 
•49 

■50 
•51 
•52 
•53 
■54 

•55 
•56 
•57 
•58 
•59 

•60 
•61 
•62 
•63 
"64 

■65 
•66 
•67 
■68 
69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 




•844 
•846 
•849 
-852 
-854 

•857 
•860 
•862 
•865 

•868 


11-56 
11-63 
11-69 
11-76 
11-83 

11-90 
11-97 
12-04 
12-11 
12-18 


39-30 
39-65 
40-00 
40-35 
40-70 

41-06 
41-42 
41-78 
42-14 
42-51 


72-5 
73-2 
74-0 
74-8 
75-5 

76-3 
77-0 
77-8 
78-5 
79-4 


[14-44 
14-51 
14-59 
14-66 
14-74 

14-82 
14-90 
14-97 
15-05 
15-13 

15-21 
15-29 
15-36 
15-44 
15-52 

15-60 
15-68 
15-76 
15-84 
15-92 

16-00 
16-08 
16-16 
16-24 
16-32 

16-40 
16-48 
16-56 
16-64 
16-72 


54 
55 
55 
56 
56 

57 
57 

57 
58 
58 


•87 
-30 
■74 
•18 
■62 

•06 
•51 
•96 
•41 

•86 


106 
108 
109 
110 
111 

112 
113 
114 
115 
116 


■9 

•0 
•0 
•0 
•0 

•0 
"0 
•0 
•0 
•0 




■871 
■873 
■876 
•879 
•881 

•884 
•887 
•889 
•892 
•895 


12-25 
12-32 
12-39 
12-46 
12-53 

12-60 
12-67 
12-74 
12-81 
12-89 


42-87 
43-24 
43-61 
43-98 
44-36 

44-74 
45 12 
45-50 
45-88 
46-27 


80-1 
81-0 
81-8 
82-5 
83-5 

84-3 
85-2 
85-9 
86-8 
87-6 


[-975 
L-977 
[-980 
[-982 
1-985 

.-987 

.-990 

•992 

•995 

•997 


59 
59 
60 
60 
61 

61 
62 
62 
63 
63 


•32 
•77 
•23 
•70 
•16 

•63 
•10 
•57 
•04 
•52 


117 
118 
119 
120 
121 

122 
123 
124 
125 
126 

128 
129 
130 
131 
132 

133 
134 
136 
137 
138 


•1 
•1 
•2 
•4 
•5 

•6 
•6 

•7 
•8 
•9 

•0 
•0 
•0 
•1 
•3 

•6 
•9 
•0 
•0 

■2 




•897 

•90 

•902 

•905 

•908 

"910 
913 
915 
918 
920 


12-96 
13 03 
13-10 
13-17 
13-25 

13-32 
13-39 
13-47 
13-54 
13-61 

13-69 
13-76 
13-84 
13-91 
13-99 

14-06 
14-13 
14-21 
14-29; 
14-36 


46-65 
47-04 
47-44 
47-83 
48-22 

48-62 
49-02 
49-43 
49-83 
50-24 


88-5 
89-5 
90-3 
91-1 
92-0 

92-9 
93-9 
94-7 
95-5 
96-5 


1-00 

1-002 

1-005 

i-007 

1-009 

1-012 
1-014 
1-017 
1-019 
•022' 


64 
64 
64 
65 
65- 

66' 

66- 

67 

67- 

68" 


•00 

48 

96 

45 

"94 

43 
92 
42 
91 
41 




923 
926 
928 
931 
934 

936 
939 
941 
944 
946' 


50-65 
51-06 
51-48 
51-89 
52-31 

52-73' 

53-15 

53-58 

54-01 

54-44 


97-4 

98-3 

99-3 

100-0 

101-0 

102-0 

103-1 

104-1 

105-0, 

105-9 


410 
411 
412 
413 
414 

415 
416 

417 
418 
419 


-02416-81 
•02716-89 
•02916-97 
•03217-05 
•03417-13 

-03717-22 
•03917-30 
•04217-39 
•04417-47 
•04617-55 


68' 
69- 
69' 
70- 
70' 

71- 
71- 
72- 
73- 
73- 


42 
93 
44 
95 

47 
99 
51 

03 
56 


139 

140 

141- 

143" 

144" 

145' 
146' 
148- 
149- 
150- 


4 
5 
6 

•0 
1 

4 
6 


1 
3 
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Tablb XIII.— Multiplibks Used in Applying thb Law oj 

Comparison — (continued). 



Ship 
Lgtb. 




I 


/ 


s/1 


P 


P V* 


Ship 
Lgth. 


4-602-144 
4-612-147 
4-622-149 
4-632-151 
4-642-154 

4-652156 
4-662-158 
4-672161 
4-682-163 
4-692-165 

4-702-168 
4-712-170 
4-72 2-172 
4-732-175 
4-742-177 

4-752-179 

4-762-181 
4-772-184 
4-782-186 
4-792-188 




P 


P* 


420 
421 
422 
423 
424 

425 

426 
427 
428 
429 

430 
431 
432 
433 
434 

435 
436 
437 
438 
439 

440 
441 
442 
443 
444 

445 
446 
447 
448 
449 

450 
451 
452 
453 
454 

455 
456 
457 
458 
459 


4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 

4 
4 
4 

4 

4 

4' 

4- 

4' 

4- 
4- 
4- 
4- 
4- 

4- 
4- 
4- 
4" 
4- 

4- 
4' 
4' 
4- 
4 

4 

4 

4' 

4" 

4- 


•20 
•21 
•22 
•23 
•24 

•25 

•26 
•27 
•28 
•29 

•30 
•31 
•32 
•33 
•34 

35 

•36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 


2 
2 
2 
2 
2 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 

2" 
2 

2" 
2' 


•049 
•051 
•054 
•056 
•059 

•061 
•064 
•066 
•068 
•071 
■073 
•076 
•078 
080 
083 

085 

•088 

■090 

092 

095 


17 
17 
17 
17 
17 

18 
18 
18 
18 
18 


•64 

•72 
•80 
•89 
•97 

•06 
•14 
•23 
•31 
•40 


74-08151- 
74-62153- 
75-15154- 
75-68155- 
76 -22 156 •• 

76-76158- 

177-31159-. 

77-85160-1 

78-40162-1 

78-95|l63-: 


5 460 

461 
2 462 

4 463 
a 464 

1 465 

5 466 

5 467 
D 468 

2 469 


21-16 
21-25 
21-34 
21-43 
21-53 

21-62 
21-71 
21-81 
21-90 
21-99 


97-33 
97-97 
98-61 
99-25 
99-89 

100-5 
101-2 
101-8 
102-5 
103-1 


208-6 
210-0 
211-8 
213-2 
215-1 

217-0 
218-2 
220-0 
221-7 
223-1 


18 
18 
18 
18 
18 

18 

19 

19 

19" 

19- 


•49 
•57 

-m 

•74 
•83 

•92 
•00 
•09 
•18 

•27 


79-50 
80-06 
80-62 
81-18' 
81-74 

82-31* 

82-88 
83-45 
84-021 

84-60 

1 


164-1 
166 -: 
167 -, 

168-1 

170 -: 

171 -i 
173-( 
174-J 
175-' 
177-1 

178-^ 
180 •( 
181-i 
182-^ 
184-5 

185 -' 
187 -] 
188-f 
190-( 
191-( 


3 470 
3 471 
5 472 
3 473 
5 474 

5 475 
) 476 
5 477 
J 478 
2 479 

i 480 
) 481 
5 482 
i 483 
I 484 

J 485 
I 486 
) 487 
) 488 
5 489 

[ 490 
i 491 
I 492 
; 493 
L 494 

)495 
r496 
) 497 
I 498 
) 499 


22-09 
22-18 
22-27 
22-37 
22-46 

22-56 
22-65 
22-75 
22-85 
22-94 


103-8 
104-4 
105-1 
105-8 
106-4 

107-1 
107-8 
108-5 
109-2 
109-9 


225-0 
226-7 
228-0 
230-1 
231-8 

233-1 
235-0 
237-0 
238-6 
240-1 

242 
244 
246 
247 
249 

251-5 

253 

255 

256-5 

258-2 


2' 
2- 
2' 
2' 
2- 

2" 
2- 
2' 
2- 
2- 


097 
100 
102 
104 
107 

109 
111 
114 
116 
119 


19' 
19' 
19- 
19' 
19' 

19- 
19' 
19' 
20- 
20- 


36 
45 
53 

62 
71 

80 
89 
98 
07 
16 


85-18, 
85-76 
86-35' 
86-94| 
87-53| 

88-12 
88-71 
89-31 
89-91' 
90-51 


4-802-190 
4-812-193 
4-822-195 
4-832-197 
4-842-200 

4-852-202 
4-862-204 
4-872-206 
4-882-209 
4-892-211 

4-902-213 
4-912-216 
4-922-218 
4-932-220 
4-9J:2-222 

4-952-225 
4-962-227 
4-972-229 
4-982-231 
4-992-233 


23-04 
23-13 
23-23 
23-33 
23-42 

23-52 
23-62 
23-71 
23-81 
23-91 


110-6 
111-3 
112-0 
112-6 
113-3 

114-1 
114-8 
115-5 
116-2 
116-9 


2- 
2- 
2" 
2" 
2' 

2' 

2- 
2 
2- 
2- 


121 
123 
126 

128 
130 

133 
135 
137 
140 
142 


20- 
20' 
20' 
20' 
20- 

20' 
20' 
20- 
20" 
21- 


25 
34 
43 
52 
61 

70 
79 
88 
97 
06 


91-12193-] 
91-73194-^ 
92-34196-S 
92-95 197-( 
93-57199-] 

94-19200-1 
94-81202-' 
95-44 203-J 
96-07 205- J 
96-70207-( 


24-01 
24-11 
24-20 
24-30 
24-40 

24-50 
24-60 
24-70 
24-80 
24-90 


117-6 
118-3 
119-0 
119-8 
120-5 

121-3 
122-0 
122-7 
123-5 
124-2 


260 
262 
264 
266 
268 

270 
272 
274 
275-6 

277-5 
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Table XIII. — Multipliers Used in Applying the Law of 

Comparison— (con(/ni*e(/). 



Ship 
Lgth. 


I 1 V/ 

t 


P 


I> 


p.$ 


Ship 
Lglh. 

640 


I 

1 


^fl 


P 


I* 


p.. 


600 


5" 


•002 


■236 


25" 


00,125 


•0, 279-5 


5 


•4012 


■324 29 


•16 


157 


■4 


366 


601 .5 


•01|2 


•238 


25 


10il25 


•7 


281 


641 5 


•412 


■326 29 


•27 


158 


■3 


368 


602 5 


•022 


•240 


25 


•20126 


5 


283 


642 5 


•42 2 


'32829 


•37 


159 


'2 


370 


608 5 


■03,2 


•242 


25 


•30127 


•2 285 


643 5 


43 


2 


•33029 


•48160 


•1 


373 


604 5 


■042 


•245 


25 


•40128 


•0| 287 


644 5 


•44 


2 


'332 29 

1 


•59161 


•0 


375 


606 


5 


•052 


•247 


25 


■50128 


'7 289 


646 5 


•45 


2 


•334 29 


•70 


161' 


•8 


377 


606 


5 


•062 


•249 


25 


•60129 


'5 291 


646 5 


'46 


2 


•336 29 


•81 


162' 


•7 


380 


607 


5 


07 2 


•251 


25 


•70130 


•3 293 


647 5 


'47 2 


•339,29 


'92163 


•6 


382 


608 


5 


•08 2 


254 


25' 


80131' 


li 295 


648 5 


48 2 


34130 


03164 


5 


385 


609 


5 


•09,2 
•102 


256 


25 


'91131 
01132- 


•8 
6 


297 


649 5 
660 5 


'49 2 
50,2 


343 
345 


30 


•14165 


4 


387 
390 


610 5 


258 26 


299 


30 


•25166 


3 


611 


5 


112' 


•260 


26" 


11 


133 


4i 301 


661 5 


'512 


34730 


36167 


•3 


392 


612 


5 


•12 2 


263 


26' 


21 


134 


'2 304 


662 !5 


52 


2 


•349 30 


•471168 


•2 


395 


613 


5 


•132 


265 


26' 


31 


135 


306 


668 5 


53 


2 


•35r30 


58169' 


1 


397 


614 


5 


142 


267 


26- 


42 


135' 


8 308 


664^5 


54 


2 


•35330' 


69170 


•0 


400 


616 


5' 


•152 


'269 


26' 


52 


136' 


6 


310 


666 5 


55 


2' 


'356 30 


80170' 


9 


402 


616 


m0 




162 


271 


26' 


62137" 


4 


312 


666 '5 


56 


2 


'358 30 


'91171 


8 


405 


617 5 


•172 


274 


26' 


73138' 


2 314 


667 |5' 


57 


2' 


'360 31 


02172' 


8 


408 


618 5 


182 


276 


26 


83139' 


316 


668 5 


58 


2 


'36231' 


13173 


7 


411 


619 5 

620 5 


192 
202- 


278 
280 


26' 


93 


139' 
140 


8 318 
6 320 


669 '5 
660 5 


59 


2' 


364 
366 


31' 


24174' 


6 


413 


27' 


04 


602' 


31' 


36175' 


6 


415 


621 


5 


212' 


282 


27' 


14141' 


4 


323 


661 5- 


612' 


368 31 • 


47176' 


5 


418 


622 


5 


222' 


284 


27' 


25142' 


2 


325 


662 5 


62 2 


370.31 ' 


58177" 


5 


421 


623 


5- 


232' 


287 


27' 


35143 





327 


668 5' 


63 


2' 


373 31 


69|l78' 


4 


423 


624 


5 


242' 


289 


27' 


45 


143 


8 


329 


664 5" 


64 


2' 


375 31 • 


80179" 


4 


426 


626 


5 


25'2' 


291 


27- 


56144' 


7 


331 


666 5 


65 2" 


377 31 • 


92180" 


3 


429 


626 


5 


262- 


293 


27' 


66|145' 


5 


334 


666 5 


662' 


37932' 


03 181 " 


3 


431 


627 


5 


272" 


295 


27 


77146' 


3 


336 


667 5 


67 2' 


38132" 


14182" 


2 


434 


688 


5 


■282 


298 


27- 


88147' 


2 


338 


668 


5 


68 2' 


383 32 ' 


26183' 


2 


436 


689 
680 


5' 
5 


292" 
•302 


300 


27' 


98148' 





340 
342 


669 5 

670 5" 


69 
70 


2' 


38532' 


37184" 


2 


439 
442 


302 


28' 


09148" 


8 


2' 


387 32' 


49185" 


2 


681 


5" 


•312 


'304 28" 


19149 


•7 


345 


671 '5 


71 


2" 


389 32' 


60186" 




445 


682 


5' 


322 


306 28' 


30150' 


5 


347 


672 |5' 


72 2' 


39132' 


71187" 




447 


683 


5 


'332 


30828' 


•41 


151 


•4 


349 


673 5 


73 2 


393 32 


83188" 




450 


684 


5 


342 


•31028 


•51152' 


•2 


352 


674 5 


74 


2' 


39632' 


94189' 

1 




453 


686 


5 


352 


•313 28 


62153 


1 


354 


676 


5 


'752' 


398 33' 


06190" 




456 


686 


5 


•36^ 


•315128 


•73154 


•0 


356-6 


676 5 


76 2 


'40 33 


17191' 




459 


687 


5 


372 


•31728 


•83154 


•8 


358 


677 5 


'77!2' 


40233 


29,192" 




461 


688 


5 


•382 


•319 28 


'94155 


•7 


361 


678 5 


782' 


•40433' 


40,193" 




464 


689 


5 


•392-321 29-05 156*5 


363 


679 15-792-406 33-52 194-1 


467 
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Table XIII.— Multiflibbs Used in Applying the Law of 

Comparison — (eontinued). 



Ship 
Lgth. 




I 


VT 


V 


V 




z»-» 


Shipl 
Lgth. 




1 


jtf 


680 


5 


80 2 


•40833 


•64 


195 




470 


620 


6' 


202' 


49038- 


44238- 


4 


593 


581 


5 


812 


410 


33- 


•75 


196 




473 


621 


6' 


212" 


49238' 


•56,289- 


4 


596 


582 


5 


•82 2' 


•412 


33 


•87 


197 




475 


622 


6' 


•222' 


•49438' 


68240' 


6 


599 


583 


5 


•83,2 


•41433" 


•98 


198 




479 


623 


6' 


23 2 


•49638' 


•81241' 


•8 


603 


584 


5 


•84 


2 


•416 


34 


•10 


199' 




481 


624 


6 


242 


49838 


'93242 


•9 


606 


585 


5 


•85'2 


■418 


34 


•22 200 


2 


484 


626 


6 


•252 


'50 '39 


•06244 


•1 


610 


586 


5 


•86 2 


'420 


34 


•34 201 


2 


486 


626 


6 


•262 


•50239 


•18245 


3 


614 


587 


5 


•87 2 


•422 34 


•451202 


•2 


489 


627 


6 


•27|2 


•50439 


•31246 


'5 


616 


588 


5 


'88 2 


'425 


34 


•57 203 


•2 


492 


628 


6 


•28.2 


'50639 


•43247 


'6 


620 


589 
590 


5' 
5 


•89 
•90 


2 


•427 


34 


•69204 


3 


495 
498 


629 
630 


6 
6 


•29 
•30 


2 


•50839 


•56248 


•8 
•0 


624 


2 


•429 


34 


'81 


206 


•3 


2 


•51039 


•69250 


627 


591 


5 


•912 


•431 


34 


■92206 


•4 


501 


631 


6 


31 


2 


•51239 


•81251 


'2 


630 


592 


5 


92 2 


433 


35 


04 


207 


•4 


505 


632 


6 


•32 


2 


•51439 


•94252 


•4 


635 


593 


5 


•93 


2 


•435 


35 


16 


208 


■5 


508 


638 


6 


'33'2 


•51640 


•06253 


'6 


638 


594 


5 


94 


2 


•437 


35 


'28 


209' 


5 


510 


634 


6 


342 


•51840 


• 19254 


•8 


641 


595 


5 


95 


2 


•439 


35 


•40 210 


•6 


513 


636 


6 


•352 


•52040 


•32256" 


•0 


645 


596 


5 


•96 


2 


•441 


35 


•52211' 


'7 


516 


636 


6 


•362 


•52140 


■45257 


•2 


648 


597 


5- 


97 


2 


44335 


'64 


212' 


•7 


519 


637 


6 


372 


'523140 


■57258 


•4 


652 


598 


5 


•982' 


445 


35 


•76 


213 


8 


522 


638 


6 


'382 


•52540 


•70259 


•7 


655 


599 
600 


5- 

6' 


99' 
00 


2 


•447 


35 


•88 


214' 


9 


525 


639 
640 


6 
6 


•89;2 
40 2 


•52740 


•83260 


•9 
•1 


659 


2 


449 


36' 


00 


216' 





529 


' 52940 


•96262 


662 


601 


6" 


01 


2 


451 


36 


•12 


217- 





532 


641 


6 


412 


'63l!41 


•08263 


•3 


666 


602 


6' 


02 


2" 


453 


36' 


24 


218' 


1 


535 


642 


6' 


•4212 


'58341 


•21264 


•6 


670 


60H 


6- 


03 


2 


455 


36' 


36 


219' 


2 


538 


648 


6 


•43 


2 


'535141 


•34265 


•8 


674 


604 


6- 


04 


2' 


457 


36' 


48 


220 


3 


540 


644 6 


44 


2 


'53741 


•47267 


•0 


677 


605 


6' 


05 


2 


459 36- 


60 


221 


4 


544 


646 6 


•45*2 


'53941 


•60268 


'3 


681 


606 


6- 


•06 


2 


•461 36 ■ 


72 


222 


5 


547 


646 6 


•462 


'54141 


•73 269 


•6 


685 


607 


6' 


07 2 


463:36' 


84 


223 


6 


550 


647 6 


472 


■54341 


•86 270 


•8 


688 


608 


6' 


08 2- 


466 36' 


96 


224 


•7 


553 


648 


6 


482 


545 41 


•99272 


•1 


692 


609 
610 


6- 
6' 


09 2' 

10 2 


468 37' 
•47037' 


08 225' 


8 
9 


556 


649 


6 


•49:2 
50 2 


■54742 
•54942 


•12273 
•25 274 


•3 

•6 


696 


21 


226' 


560 


650 


6 


700 


611 


6- 


11 


2 


47137 


33 


228' 


1 


563 


661 6 


51 


2 


55142 


•38275 


•9 


704 


612 


6- 


122 


•473 37 


45 


229' 


2 


567 


662 6 


•52 


2 


•55842 


•51277 


•1 


707 


613 


6 


•13,2 


•47637 


57 


230 


3 


570 


653 6 


•53 2 


•55542 


■64278 


4 


711 


614 


6- 


142 


•478 37' 


69 


231 


4 


573 


664,6 


54i2 


56742 


■77 279 


■7 


715 


615 


6- 


15 2 


•48037 


•82 


232' 


■6 


576 


666,6 


55'2 


•55942 


■90281 





719 


616 6 


16 


2 


•48237 


•94 


233 


7 


580 


666 6 


562 


56143 


•03282 


8 


723 


61716 


17;2 


•48438 


•06 


234 


•9 


583 


657,6 


•57 2 


56343 


•16283 


•5 


726 


618 


6 


18 2 


•48638 


•19 


236 





586 


658 6 


•5S2 


•565 43 


•29 284 


'9 


730 


619 


6-192-488I38-31 


237-1 


1 590 


669 16-59 2 -567 43 -42 286 -2 


734 
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Table XII L— Multipliers Used in Applying the Law of 

Comparison — {comiinued). 



Ship 
Lgth 



660 
661 
662 
663 
664 

665 
666 
667 
668 
669 



2 



VT 



V 



6-602-569 43-56 287-5, 
6-6l|2-571 43-69 288-8 
6-622-573 43-82 290-li 
6 -63 2 -574 43- 95291 -4! 
6-64'2-57644-09292-7i 



670 
671 
672 
673 
674 

676 
676 
677 
678 
679 



•652 
•66 2' 
6-672 
6-682 
6-692 



57844' 
58044 • 
58244" 
584 44 
58644 



22294' 
35 295 
48296" 
62298 
75299 



6-70,2 
6-7l'2 
6-722 
6 •73,2 
6-742 



75 



•58844' 
•590,45 
•592,45 
•59445 
•59645 



89300 
02302 
15303 
29304 
42306 



•7 

•1 

•4 

8 

1 



•76 
6-77 



6-782 
6-792 



680 
681 
682 
688 
684 



2-59845 



"60045- 
• 60145 • 
•603,45- 
-60546- 



56307- 

69308' 

83,310" 

96311 

10313 



5 

9 

2 

61 




80 
81 



2-60946 
6 -82,2 -61 1,46 
6-832-61846 
6 -8412 -615 46 



I 



1*5 



738 
741 
746 
750 
754 

0' 757 
4' 761 

71 766 
770 

41 774 



778 
782 
786 
790 
795 

799 
803 
807 
811 
815 



Ship 
Lgth. 



I 



^1 



2-607 46-24314-4 
37,315-8 
51317-21 
64318-6' 
78320-0! 



819 
823 
828 
833 
837 



686 6-852-617 

686 16 -86 2 -619 

687 ,6 -8712 -621 

688 6-882-623 



689 

690 
691 
692 
693 
694 



6-892-625 



6-902- 
6-912^ 
6-922- 
6-93I2- 
6-942- 



695 
696 
697 
698 
699 



626 
628 
630 
632 
634 



P 



46 

47 

47- 

47- 

47- 

47' 

47 

47" 

48" 
48' 



92 
06 



321 
322 



19,324 
33,325 
47i327 



61 
74 

88 



328 
329 
331 



6-952- 
6-962- 
6 -97,2 • 
6-982- 
6-992- 



02 332 
16334 



636 48^30 335 
63848^44|337 
64048-58338 
64248-721340 
64448-86341 



7-002-645 
7-05 



700 
705 

710 7-10 
716 i7-15l 
720,7-^1 
25 
30 
35 
60 



49-00 



725 
730 
735 
760 






4 
8 
2 
6 


5 
9 
3 
8 
2 

1 

6 


■5 



343' 

350" 

357 

365' 

373 




4 
9 
5 
2 



I 



3«S 



841 
845 

849 
853 
858 

862 
866 
871 
875 
880 



38i-0 
389^0 
397-0 
438-97 



885 
890 
894 
898 
903 

907 
931 
953 
978 
1002 



1026 
1050 
1076 
1208 



EXPERIMENT TANKS. 

" Ship-model Experiment Tanks : theii' purpose and applica- 
tion." Paper by Prof. W. S. Abell, read before the Liverpool 
Engineering Society, 16th November 1910. 

"Methodical Experiments with Mercantile Ship Forms." 
Paper by Mr G. S. Baker, read before the Institution of Naval 
Architects, 14th March 1913. (Discussion.) 

"The National Experimental Tank and its Equipment." 
Paper by G. S. Baker, Esq., read before the Institution of Naval 
Architects, 5 th April 1911. 
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Large and Small Experimental Tanks. 

An excellent article on this subject appeared in The Engineer^ 
of 3rd May 1912. Some letterain the Journal of Commerce about 
October 1910 pointed out disadvantages of small tanks on similar 
grounds. With any small tank there are inevitable inaccuracies, 
but it may be useful for preliminary weeding out of unsuitable 
models. 

In the Caws tank at Sunderland the models are suspended 
pendulum fashion and swung through the water, the resistance 
being measured at the position between the first half of its swing 
when its speed is accelerating, and the second half when it is 
decelerating. At the vertex of the swing the wave system cannot 
be considered developed in a manner proper to the instantaneous 
speed of the model. In Herr Wellenkamp's tank the model was 
towed by a falling weight, but there was a difficulty in keeping 
the model straight on its course ; and there were other difficulties 
common to all small tanks with small-sized models, such as 
inertia, relatively large differences in friction of the towing gear, 
capillarity, and surface tension. 

With large tanks on the Froude system, which has stood the 
test of forty-five years, the models are run at a steady speed ; the 
measuring gear records an exact measurement of the resistance 
for the whole length of the run, and every result so obtained, 
by the expert in charge of the tank, is solid groundwork upon 
which unending analyses and estimates can always be based. 

Models are frequently made about 15 ft. long, and are usually 

of paraffin wax. The models at the United States Model Basin 

are 20 ft. in length, and are made of wood. For the " Manning '' 

the length of the model was 23^ ft. As the size of the model is 

increased, the magnification of results and the probable error are 

decreased. With very small models the forces measured would 

be very small, and would be liable to excessive error. Suppose 

that for a 450-ft. ship we had a 15-ft. model, the resistance of 

the ship would be (30)'* or 27 000 times that of the model (since 

450 

— — . = 30). If the model were 10 ft. long, the relative resistances 
16 

would be as 1 : 90 000. The resistances recorded would be from 

about '5 lb. upwards for 16-ft. models, Mr D. W. Taylor's 

table ix, showing results of tank model experiments for the 

" Yorktown," give resistances for his 20-ft. models of from I'l lb. 

to 93 lbs. 

The effect of temperature of the tank water upon resistance 

vas noted in the discussion on Mr Baker's paper in 1913. 
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Sir Archibald Denny mentioned that Mr Mumford had said that 
it had been well established that a difference of 5 per cent, in 
resistance was caused by a difference of 12" Fahr., the resistance 
increasing with the fall of temperature ; also that, probably due 
to a changing difference in temperature between one end and the 
other end of the tank, there was an absolute movement in the 
water — in one direction in summer, and in the other direction 
in winter. At the Bushey tank Mr Baker employed a float half- 
way down the useful length of the tank, and the movements of 
the float are noted. 

The records of the work done by Mr R. E. Froude and Mr G. 
S. Baker afford a splendid illustration of the value of experi- 
mental tank research work. Whenever an appreciable departure, 
from forms already in«oommission, is proposed, models should be 
made and tested individually. In practice, in the preliminary 
design stage, the problem is to determine the dimensions and 
form most suitable to specified conditions, not only from the 
point of view of resistance, but from that of the fulfilment of 
conditions such as draught and stability, trim, machinery space, 
capacity for cargo, sea performance, etc. 

The procedure is for the shipowner to give the National 
Physical Laboratory, or other experiment tank works, a copy 
of the lines of an existing type-ship, from which the super- 
intendent of the tank makes a model, the shipowner stating the 
limits of variation of the load water-line, to provide sufficient 
stability, and the limits within which the shape of the curve 
of sectional areas may be allowed to vary to suit the arrangement 
of machinery, etc. The experiment tank authority then con- 
ducts a set of trials of the first model in the tank, and offers other 
models having different positions of the longitudinal centre of 
buoyancy, suggesting a model perhaps better than the parent 
form from the point of view of propulsion. The shipowner 
finally selects the one which he consiaers the best obtainable 
for speed consistent with other requirements of the service.* 

The results of the first years of Mr G. S. Baker's testing of 
merchant ship models at the Froude tank almost invariably 
showed that the cost of the test was saved on the fuel bill of the 
ship in the first six months of its running. In his experiments 
with models of ships building or contemplated, Mr Baker and 
his staff have been successful in effecting reductions in the power 
to the extent, in some cases, of as much as 25 per cent. There 
is no doubt that, as Professor W. S. Abell has remarked when 
recommending the use of experimental tanks, "the economical 

* Tank trials give resistance and, its equivalent, E.H.P. 

4 
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performances of mercantile vessels of moderate speeds could be 
considerably improved if proper investigation of form, propeller, 
and the combination of the propeller ana ship were maoe." 

In addition to the commercial side of the work at the tank, 
much valuable research of a general nature has been carried out 
on ship forms. There are, however, large unexplored fields for 
methodical experiment, not only to fill the gaps between the 
fine and full types already dealt with in England and America, 
but also to treat full models of the cargo type, of broader and 
shorter proportions than have hitherto been exhaustively tested. 

Still, from the data already published on types ranging from 
Mr Fronde's fine-lined warships and Mr Taylor's moderately 
fine vessels to the merchant ship forms tested by Professor 
Sadler and Mr Baker, shipowners and shipbuilders may, without 
having models of their own, predict with some degree of accuracy, 
for many types of ship, the power required at a given speed. 
One object of this book is to put a collection of such published 
results in a form easily accessible for reference, and to illustrate 
methods of putting these results to practical use. 

The reader is rererred to the original papers by the authorities 
quoted ; our intention is rather to present quantitative results, 
to give figures to multiply by in the everyday problem of 
settling powers and speeds, and to attempt to compare figures 
obtained from tank trials with the power figures deduced from 
service performances of actual ships. Though it is universally 
agreed that in tank trials the results are obtained with even 
greater accuracy than in full-sized trials, that differences of 
resistances developed at different draughts and trims are in the 
same direction as those with the actual vessel, and that there is 
a great resemblance in character between the " curves of resist- 
ance" of the model and of the ship — the humps and hollows 
occurring at similar speeds, — it is also true that results from 
even the best tank experiments may be misleading when used for 
obtaining actual values ; but that is no reason for ignoring them. 

To quote from The Engiv-eer : " It should never be forgotten that 
the builder who adopts the experimental method has not only 
the same information at his disposal from his trials on the 
measured mile as one who has no tank, but he has his model 
results in addition^ and it is in co-ordination of these that the 
strength of his position lies." Tank trials made with models of 
existing ships, especially those for which the records of pro- 
gressive trials are available, are particularly instructive, and 
provide the best means of arriving at the propulsive efficiencies 
or ratios of effective horse-power to indicated horse-power, shaft 
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horse-power, or brake horse-power. In other words, the tank 
test is not entirely complete until the ship trial is made. The 
determination of the propulsive efficiency completes the experi- 
ment. These " back steamers *' are always valuable for reference 
for enabling us to predict the speed of any given steamer attain- 
able by a given I.H.P., S.H.P., or B.H.P. On Plates 30-2, 35 

E H P 

will be found curves of this ratio ' ' ', or propulsive efficiency, 

or propulsive coefficient, as it is sometimes called. By keeping 
results of model experiments in touch with those of the com- 
pleted ship, the cortect percentage additions to allow in desi^ 
may be determined, as between tank trial and measured mile 
trial, or between tank trial and performance on voyage. Un- 
fortunately progressive trials are very rare, and when they are 
run the draught of ship is too light in many cases. 

By means of a properly arranged dynamometer, when towing 
a ship or model through still water, we can measure the net or 
tow-rope resistance, or total resistance, which is made up of four 
components, viz. : frictional, wave-making, eddy-making, and 
air resistance. The model is usually run " naked," i.e. without 
appendages, such as bilge keels, bossings, shafts, rudder, etc. ; 
these, of course, should be added when computing the wetted 
surface of the actual ship, and their effect on the eddy-making 
resistance, and the hull-appendage factor, taken into account.* 

A sure method of determining the resistance of a ship is to 
tow her through still water, from a long outrigged boom, at 
various speeds, and note the resistances, as was done in the case 
of the ** Greyhound," where special devices were fitted in order 
that only the horizontal component of the force on the tow-rope 
was measured {Trans. Inst. Naval Architects, 1874, Froude) ;. but 
it is seldom that experiments are carried out on such a large scale. 
In the Transactions of the American Society of Naval Architects and 
Marine Engineers, 1911, Professor C. H. Peabody gave the 
results of towing the " Froude," a miniature steamer 37*6 ft. in 
length. In the case of the 760-ft. Cunard liner " Mauretania," 
the builders made exhaustive propeller and other experiments 
with an exactly similar vessel 37 ft. in length. 

Estimating Horse-Power from Model Experiments. 

Take the case of a model of a twin-screw steamer :— 418 ft. b.p. 
X 52 ft. beam x 23 ft. mean draught, 9 100 tons displacement. 

* See paper by Commander Dyson, TT.S.N., read before the American Society 
of Naval Engineers, Transactional 22. 
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Paraffin model, 14 ft. long, towed at various speeds ; tow-rope 
resistance r = 2*6 lbs. at the speed corresponding to 14^ knots of 
the full-sized ship. 

(1) ^eed: — 

Let this speed of model be Ym- 

Vw» _ \/length of model JM. 



14i knots ^length of ship ^^18 

The various square roots, squares, cubes, etc., may be con- 
veniently taken from Table XlII, pp. 38-46, as multipliers or 
functions oi I. ■ ' 

.-. Vm = 2-66 knots. 

(2) Wetted surface : — 

Let Sw = wetted surface of model = 34 sq. ft. 
and S = wetted surface of ship = 30 300 sq. ft. 

Sm _ ^2 _ -019 6 
S l^" 17-47' 

The square of I being taken from Table XIII as before. 

(3) Skin fridional resistance, i^/'—f (for model) = '008 83. 
n = 1-94. (From Table I, Tideman's Fresh-Water Constanta) 

rj—fx wetted surface x (Vw)^"^ 
= •008 88x34x(2-66)i-»4 
= -008 83 X 34 X 6-662 = 2 lbs. 

(4) Residuary Resistance of model: — 

Tr = r-rf 

= 2-6-2-0 

= -6 lb. 
r = total resistance. 
rr = residuary resistance. 

(5) The corresponding Residuary Resistance of the full-sized ship, 
'Rxoi follows from the Law of Comparison, thus : — 

R« ^ 36/m ^ 36/j8\ 
rr 35 U»/ 35\Zi»/ 

36 73-08 .,7.AA 
= 35^W^44 = '^'^^- 

.-. R» = r,. X 27 400 = 16 450 lbs. 

The ratio M is used when passing from fresh water to salt water. 

(6) The Residuary H,P, for the full-sized ship: — 

= -008 07 X R«, X V 

= -008 07 X 16 450 X 14'6 

= 788. 
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(7) Skin H.P. offull-siaed ship in salt water : — 

Take Froude's table for salt water. / = -008 85 from Table V. 

w = 1 "SS for resistance and 2*83 for power 
Skin H.P. =/x wetted surface x *003 07 x (V^m 
= -008 86 X 30 800 x -008 07 x 1 935 
= 1 592. 

(8) The total E.H.P, for the full-sized ship in salt water at 14J 
knots : — 

Total E.H.P. = Skin H. P. + Residuary H.P. 
= 1592 + 733. 
.-. TotalE.H.P. = 2 325. 

This is the E.H.P. from the naked model. 

If the I. H.P. is 4 650 at 14j knots, the propulsive coefficient 



E.H.P. (naked) _ . 
I. H.P. 



60. 



With Taylor's skin friction constants for model, / = about 
•010 03 and n = 1854, the skin frictional resistance of the model 
would have befen about the same. 

r/= •0l0 03x34x(2*66)i'8« 
= •010 03x34x5-82 
= 2-0 lbs. 
Then 

Tr = '60 lb. as before 
and 

lU = 16 460 lbs. 

Residuary H.P. for ship would have been 

= •003 07x16 450x14-5 
= 733 as before. 

Skin H.P. for ship, if Tideman's skin frictional constants had 
been taken, would nave been 

= -009 086 6 X 30 300 x -003 07 x 1 936 
= 1 636 
Total E.H.P. = 1 636 + 733 = 2 368 
E.H.P. (naked) _ ., 

— otp: ^^• 

It does not matter much whether we take Tideman's fresh- 
water figures, n = r94, or Taylor's fresh water n = 1^864, and 
the constants used at the U.S. tank, so far as the model is con- 
cerned. For the skin H.P. of the fvQl-sized ship, in design 
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work, perhaps it is better to use Tideman's salt-water constants 
(subject ton^J =■ 1*83). 
For investigating figures by Mr K. E. Froude, Mr Luke, and 

Mr Baker, Froude's skin constants from the and (c\ values 

should be taken, as they usually give lower skin friction power 
and higher residuary H.P. The differences, however, are slight. 
Our tables of skin H.P. per 1 000 sq. ft of wetted surface 
provide an easy means of reckoning the skin H.P. ; for instance, 
in the above example, 

Skin H.P. = 54-33 x 303 = 1 645. 

Displacement of 14-ft. model of 418-ft. ship. 

Model, 14x1-742 X -771. Block coefficient = -637. Displace- 
ment = -334 ton in fresh water = ^^ x 1742 x -771 x 637 ^ .33^ 

36 
ton. 

Another way to calculate the displacement of the model is to 
take the ratio of the cubes of the lengths of the model and the 
ship, and multiply this ratio by the displacement of the full- 
sized ship and by fj in passing from salt water to fresh water ; 
thus 

fl X '^^^ X 9 100 = -334 ton in fresh water. 

The displacement of the model is 747 lbs. in fresh water (8). 
The residuary resistance of model in lbs. per ton of displace- 

The corresponding residuary resistance of the ship (after 
calcvQating skm friction separately) in lbs. per ton of displace- 
ment = -— - — = 1*8. 
9 100 

This is based upon '6 lb. residuary resistance of model. 

If we gave the skin frictional resistance the 10 per cent, 
addition for form, and based our residuary resistance upon '4 lb. 
for model, the residuary resistance per ton of displacement for 
ship or model would be 1*2 lb., and this agrees with Taylor's 
contours. Taylor, however, so far as we Know, did not make 
the allowance for added skin friction due to form. 

Total Kesistance of Ship Model, 14 ft. long in fresh water, 
representing a twin-screw steamer 418 x 62 x 23 ft. mean draught, 
9 100 tons displacement, 14^ knots speed. 
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Let Vot = tlie corresponding speed of the model = 2*66 knots, 
and its resistance at that speea 2*6 lbs. 



I. Skin f fictional resistance, 

(1) The hull proper, or naked hull, including 
an ordinary amount of deadwood. 
= /x wetted surface in sq. ft. x (Vm)^'^ 
= -008 83 X 34 X (2 •66)1-94 

= '008 83 X 34 X 6-662 = 2 lbs. 
(2) /will vary with temperature of tank water. 
At the National Physical Laboratory, 
where paraffin models are used, Mr 
Baker deducts 3 per cent, from the 
calculated skin frictional resistance for 
an increase of 10 degrees Fahr. tempera- 
ture of water. (Plus or minus accord- 
ing to temperature) .... 

(3) The surface of appendages, such as bilge 

keels, propeller struts, shaft bossings, 
rudder, and deadwood in excess of me 
ordinary amount, if there are any 
appendages on the model when it is 
tested, is calculated and added to the 
wetted surface of the naked hull. 
(Models are almost always tested naked, 
i. e. without the appendages. ) 

(4) A percentage addition to the calculated 

skin frictional resistance (given as 5 per 
cent, to 20 per cent, by Mr Baker), 
depending upon fulness of form. Over 
and above the skin frictional resistance 
calculated from Mr W. Fronde's and 
Tideman's values of / for planes, there 
is an excess resistance accounted for by 
the increase in mean rubbing velocity 
between the streams and the ship form. 
Say 10 per cent, in this case 

n. Eddy-mdfdng resistance. 

A small item with a naked model 

in. Wave-making Resistance. 

The sum of the eddy -making and wave-mak- 
ing = total resistance - skin frictional 
resistance. 



LbB. 
resistance. 



H.P. 



2-00 



-f- or - 



0-20 



(Almost 
negligible) 
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This assumes that we neglect air resistance, 
which in the case of a tank experiment 
is such a minute quantity that it may 
well be left out of account. 2*6 - 2*2 
= '40 lb 

IV. Total water resistance = I + II + III = 2*60 
lbs. 



Lbs. 
reBistance. 



•40 



2-60 



H.P. 



Total E.H.P. of Full-sized Ship, deduced from the foregoing 
model results. Passenger ship, twin-screw, 418 x 52 x 23 ft. mean 
draught, 9 100 tons displacement, 14^ knots speed. Wetted 
surface from Mumford's formula = 30 300 sq. ft. 



I. Skin friction. 

Skin frictional resistance^ R/. 

(1) The hull proper, or naked hull, including 

jfti ordinary amount of deadwood 
= /x wetted surface in sq. ft. x V^'^s 
/ = '008 85 from Fronde's figures, n = 

1*83 
R/ = 008 85 X 30 300 x (14*5)1 «» 

= *008 86 X 30 800 x 133 4 = 35 800 lbs. 

(2) Skin H.P, = *003 070 7 x skin resistance 

in lbs X V 
= 1 592. 

(3) The Skin ff.P. is usually calculated 

without first reckoning the skin fric- 
tional resistance, thus : — 
Skin H.P.-fy. wetted surface x 003 070 7 

XV2-8S 
= 1692 

(4) /will vary with temperature, but as most 

vessels pass from hot to cold climates, 
average values of/ are taken. 

(5) The surface of appendages, such as bilge 

keels, propeller struts, shaft bossings, 
shafts, rudder, and deadwood in excess 
of .the ordinarv amount, is calculated, 
and added to the wetted surface of the 
naked hull. 



H.P. 



1692 



.\ 



The Principle of Similititde 



57 



A better way, given by Mr Baker, is to 
calculate the rudder area separately, 
taking frictional coefficient for its own 
length, and velocity = (velocity of ship) 
( 1 + slip ratio) (1-w), The bilge keels, 
if properly placed, are taken as additional 
wetted surface of the ship. The wetted 
surface of the shaft bossings may be 
added to the wetted surface of the ship. 

Total 6*07 per cent 

(6) A percentage addition to the calculated 
skin frictional power (given as 5 per 
cent, to 20 per cent, by Mr Baker, over 
and above Fronde's plank value of/), 
depending for its amount upon fulness 
of form. Let us take 10 per cent, in 

this case, 3 580 lbs 

1 f Tideman's skin frictional constants were 
used instead of Froude's, the skin H. P. 
would be about 4i per cent, in excess 
of Fronde's skin H. P., and Mr Baker's 
percentage addition would have to be 
reduced by the 4 J per cent. 
II. (7) Eddy -making, due to irregular motion of 
rudder, water round propeller struts or 
shaft bossings, broken water around the 
stem -post, stem, bilge keels, and other 
appendages. The percentage for shaft 
bossings may be taken from Mr Baker's 
information, p. 878, say 8 per cent. 
For the eddying round other appendages 
about 1 per cent, may be addea. Total, 
4 percent, of the wave-making resistance 
III. Wave-making. Thesum of the eddy-making, 
the wave-making, and the air resist- 
ances = residuary resistance = total 
resistance - skin frictional resistance. 
The wave-making resistance of ship is deduced 
from the wave-making resistance of 
model by the Law of Comparison. If 
r« = '4 lb. for the model, and lU the 
wave-making resistance of the ship, 
L = length of ship, 418 ft. 
I = length of model = 14 ft. 



Lbs. 
resistance. 



H.P. 



2180 



97 



8 680 



169-2 



866 



16-8 
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R^ ^ 36 /LV 
r« 36U/ 



. •. R^ = 10 950 lbs. 



Wave H.P. = '003 070 7 x wave-making re 

sistance x V 
= 003 670 7x10 950 x 145 = 489 

An addition may be required to allow for 
rolling and pitching, rough water tend- 
ing to disturb the regular formation of 
waves and placing the ship in positions 
which cause the total average resistance 
to be increased. In a large ship these 
retardations are less than in the case 
of a small ship. 

IV. Air Resistance. 

Let A = the 'thwartship area in square feet 
of the above-water portion of the ship, 
moving normally to the direction of 
motion of the vessel, at a speed V in 
knots, and K = a constant, given by 
Rear- Admiral Taylor as '003 6 to '006. 
Then the air resistance in lbs., R, 
= K.A.Va. 

In the case of our 418-ft. passenger liner, 
let A = 2 646 sq. ft. 

The horse-power absorbed in overcoming R is 

RxVx 101-33 _ 
33 000 

V depends upon the fore and aft component 
of the relative velocities of the ship and 
the wind. If speed of ship = 14*5 
knots against a 20-knot wind, then 
V = 34-5. 

Here R = 004 3 x 2 646 x (34-5)2 = 13 500 lbs. 

Air H.P. (effective) = '003 070 7 x 13 500 
X 14-5 = 601 

(The air resistance is taken at the speed of 
ship through the water. ) 

Suppose propulsive coefficient to be '47, 

thenI.H.P.= ^HP- ^326 



Propulsive coefficient 
= 4 950, 



•47 



Lbs. 
resistanct. 

10 950 



H.P. 



439 



13 500 



601 



iv 



The Principle of Similitude 
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601 



= 1 280 against 20- 



and air I.H.P. = ^ 

•47 

knot wind. 
In calm air (no wind) 
V = 14-6. (14-5)2 = 210. 
R = -004 3 X 2 646 X 210 = 2 390 lbs. 
Air H.P. (effective) = -003 070 7 X 2 390 
X14-6 = 106. 
106 



Air I. H.P. = 



•47 



= 226. 



If r;^ =264, then (ii20)l4ai:3)« ^ ^64. 



1 280-226 = 1 054 I.H.P. difference. 
If. J^!IL = 264 =i?i00)lxa4:5)« ^, ,,.. 

I.H.P. 4 950 

knots in calm air, then {)erhaps we 
may say that, approximately, there 
would be 1 054 I.H.P. less available for 
propelling the ship through the water 
when going against a 20-knot wind. 
Thus 4 950 - 1 054 = 3 896. 

AiV» 

or?. ' 3 896 

The speed of the ship against the 20-knot 
wind would be 13*3 knots, at the same 
gross I.H.P., viz. 4 950, which was 
required for 14 J knots in calm air. 
Or, if we took the gross I.H.P. in the usual 
way, 
AiV» _ (9100)ix(13-3)» __ 207 
I.H.P.~ 4 950 " 

V. Summing the figures which we have arrived 
at m our process of building up the 
power, we have : — 
Resistance : — 

Skin resistance = 35 800 + 2 180 

+ 3 580 
Eddy-making = 35 800 + 2 180 

+ 3 580 
Wave-making = 35 800 + 2 1 80 

+ 3 580 
Calm air resistance = 35 800 + 2 180 

+ 3 580 = 2 390 



= 41560 
- 365 



= 10 950 



Total 



= 55 265 



Lbs. 
resistance. 



H.P. 



2 390 



106 



55 265 
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E.H.P.:— 
Skin H.P. 

Eddy-making H.P. 

Wave-making H.P. 

Calm air H.P. 



1692 + 97 
+ 159-2 =1848-2 
1692 + 97 
+ 159-2 = 16-3 
1592 + 97 
+ 159'2J = 489 
1592 + 97 
+ 159-2 = 106 



Total =2 459-5 

E.H.P. (naked) from model = 2 325. 
Gross E.H.P. (built up) = 2 4.o9-3. 
i,e. appendages and air make a difference of 

of per cent, in calm air. 
Again, E.H.P. (naked) from model = 2 325. 
Gross E. H. P. (built up) = 2 954-5. 

1848-2 
16-3 
489 
601 



2 954-5, 
or 26| per cent, addition for appendages 
and air when steaming against 20-knot 
'wind. 
The average would be 

1848 •2-. . . Skin H.P. 
16 3 . . Eddy „ 

489 . Wave ,, 

353-5 . . . Wind 



i» 



2 707-0 gross E.H. P. 
which means an allowance of 16 per 
cent, for appendages and air, on the 
average weather, for the run out and 
home ; and probably a better result 
might be expected, because on the out- 
ward run the wind might be a following 
one assisting the ship. 



Lbs. 
resistance. 



H.P. 



2 459-5 



2 707 



This vessel suffered a reduction of a knot of speed at full 
power when steaming against a 20-knot wind, about 8 per cent, 
of the I.H.P. being absorbed in overcoming wind resistance. 



CHAPTER IV. 

CORRECTION FOR SKIN FRICTION. 

Given the dimensions of a ship, with displacement and other 
particulars. 

From this we may derive any number of " similar ships." The 
linear dimensions oi the derived ship are all directly proportional 
to the linear dimensions of the known vessel. The displacement 
of the derived ship and the displacement of the original vessel bear 
the same ratio to one another as the cubes of the linear dimen- 
sions. The speed of the derived ship is t^ the speed of the first 
vessel as the square root of the length of the derived ship is to the 
square root of the length of the first known ship. In othe r words , 

the displacement varies as (length)^ ; the speed varies as Vlength ; 
and the horse-power to overcome the residuary resistance varies 
as (length)3». 

For comparing a model 14 ft. long, made of paraffin, and tried 
in a fresh- water tank, with a similar vessel 400 ft. long of clean 
painted steel for service in the salt sea, we use Tables I to VII, 
and other tables or curves made from them. Not only is the 
water of different density in the two cases, but the surfaces in 
contact with the water have, from their nature, different resist- 
ances to motion from other causes. For instance, the power of 
the speed at which the resistance is varying, or index (n) of varia- 
tion of resistance with speed, is different in the two cases ; the 
coefficients of fluid friction for the dift'erent lengths of surfaces 
are different from each also — all causing 

/ . S . V" to be different from / . S . V„. 
(for the model) (for the ship) 

The difference between the two is the amount of the skin 
friction correction. 

Though no friction experiments on a large scale have been 
made, values of the coefficient of fluid friction for painted surfaces 
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up to 600 and 600 ft. long are included in tables based upon 
Froude^s experiments with flat boards up to 60 ft. in length. The 
classical account of the experiments with H.M.S. "Greyhound," 
copper-sheathed gunboat (Trans. Inst. Naval Arch., 1874, Froude), 
gave proof of the accuracy of the scale, which is now in constant 
use at experimental tank works in Great Britain, the Continent 
of Europe, and America. Other values of/, ascribed to Tideman, 
for clean painted ships in salt water, similar to Froude's constants, 
but about 6 per cent, nigher, are given in Table I and used through- 
out this work for calculating skin friction horse-power and resist- 
ance of ships in salt water. 

Table II gives values of the coefficient of skin friction for 
models in fresh water from Froude's figures, and Plate 1 gives 
Froude's values of/, with the corresponding values of n for various 
qualities of surface in fresh water. 

Tables VIII and IX of skin frictional resistance and horse-power 
per 1 000 sq. ft. of wetted surface are deduced from Table VII. 
The differences between the skin horse-powers or resistances per 
1 000 sq. ft. for ships of different lengths may be plotted separ- 
ately as curves of correction. 

Plates 3 to 6 of skin friction horse-power correction per 
1 000 sq. ft. of wetted surface are examples of these derived 
curves, to be used for correcting the power when passing from 
one length of ship to another at the corresponding speeds (or 
speed 01 their 100-ft. model), or when reducing any ship to a 
100-ft model. Similar curves are used at experimental tank 
works for making the necessary correction when passing from 
the scale of a tank model to an actual ship. 

It is only the skin frictional element of the horse power that 
has to be corrected ; the remainder varies as Z ' , and may be 
obtained directly by division. That is, as stated in the Intro- 
duction, the Law of Comparison applies to resistances other 
than frictional. 

In analysing the results of progressive steam trials, or towing 
trials {i.e. trials measuring the tow-rope resistance at various 
speeds), the skin resistances are computed separately, and written 
in a column opposite the speeds. (See^ for example, p. 206, trials 
of ferry steamer ** Cincinnati.") 

For each speed the total resistance - the skin frictional resist- 
ance = the residuary resistance. 

When reducing the results of the progressive trial to the 100-ft. 
model, the skin resistances are corrected for friction, or calculated 
separately, while the residuary resistances are all reduced directly 
by dividing by R 
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In the horse-power columns the only difference in the process 
is that the remainder (or H.P. left after deducting the skin H.P.) 
is divided by l^'^ instead of l^. 

For 

and horse-power always = resistance x (0'003 070 7 x speed) (see 
Introduction). 

Note, — The speeds on Plates 3, 4, 5, 6 are the speeds of 
100-ft. models only. The skin correction, or difference of height 
between the ordinates of the various curves, is only applicable at 
the particular corresponding speed of the 100-ft. mooel at which 
it is taken. These plates give the amount of correction to be 
added to, or subtracted from, the power of the 100-ft. model when 
passing from a ship of any length to a 100-ft. model. 

When extraordinary speeds are attained, the conversion to the 
100-ft. model introduces values of the skin frictional H.P. per 
1 000 ft. of W.S. outside of the curves we have drawn. 

Given the progressive, trial of a coasting steamer 218x32*8 
X 9*72 ft. mean draught at trial, mentioned on p. 107. 







DlV3 


Knots. 


I.H.P. 


I.H.P. • 


7 


232 


182 


8 


332 


190 


9 


493 


182 


10 


720 


172 


10-1 


765 


166 



Let us reduce this to a 100-ft. model. We have 

; = 2-18, ^1=1-476, Z» = 10-36, ^s-e = 15.29. 

Dimensions : 

iOO X 16-06 X 4 -46 w = 069. 

ri 1370 1870 TQO.R4. 
D„i = —-5- =^rrr-rr-« = 132*5 tons. 

^ 10*36 
Wetted surface (by Mumford's formula) 

= (lOOx 1506 x0-69) + (100x 4-46 X 1-7) 
= 1 800 sq. ft. 
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Corresponding speeds : 

7 8 _9 _10^ J^OJ. 

1-476* 1-476' 1*476' 1'476' 1476 

= 4-76, 6-42, 6-1, 6*78, 685 knots. 

The skin H.P. and residuary H.P. are discussed on p. 36. 

From Plate 3 we find that the difference of skin H.P. 
correction for passing from a 306-ft. ship to a 218-ft. ship is 0*26 
per 1 000 sq. ft. of wetted surface. 

The dimensions of the new ship are 

306 X 46 X 13 -68 ft. mean draught, at trial. 

Displacement = 3 800 tons. 

F« = Z^x Jl= 28-65 X 1-749 = 50-1. 

The larger ship is not so much aflfected by the weather. 

At deeper draught we should expect a much better result. At 
the corresponding load draught (17 ft.), Admiralty constant 
about 210. 

In the discussion on Naval-Constructor Taylor's paper, on the 
U.S. model basin, at the American Society of Naval Architects 
and Marine Engineers in 1900, Mr John Thom's formula was 
mentioned, and is certainly worthy of notice. 



JEx sjdxc 



where D = displacement in tons. 
V = speed in knots. 
E = length of entrance in feet, 
c = a constant (varying from 55 to 120). 
E = L-(Lxp). 
p = prismatic coefficient. 

For estimating speeds and powers of known vessels at their 
limiting economical speeds, this is a satisfactory formula to use, 
and the values of c do not vary much within ordinary limits. 



CHAPTER V. 

THE ADMIRALTY CONSTANT, 

By the Law of Comparison we can derive the horse-power for a 
proposed steamer from the known performances of a "similar 
ship," if we have one. Proprietors of experimental tanks make 
similar ships (or models of them) whenever they require them, 
and try them in the tank. But if we have not a " similar ship " 
to work from, we may adopt one of two courses : (1) Still using 
the Law of Comparison, select a list pf vessels as nearly similar 
to ours as we can obtain, plot their progressive speed and power 
curves on squared paper, and then decide where our vessel comes 
in. This method should be practised, if only because it leads to 
systematic handling of data. (2) We may try other methods, 
and formulae, for determining the power, always keeping the 
principle of similitude in view. Among the formulas in general 
use, the Admiralty constant comes first. 

I.H. P. = > — — — 

or 

D*V3 



C = 



LH.P. 



where D = displacement in tons. 
V = speed in knots.| 
C = the " constant," or coefficient of performance. 

The values of C, which will be found in tables and curves 
later, vary with the size of ship, being less for small ships than 
for large ones (Plate 39). 

As a method for calculating power, the Admiralty formula, 
"adjusted as experience directs,' is still the quickest and moat 
universally used. 

Experience shows that the decrease in the value of C for 
smaller vessels is due (in addition to the greater skin friction) 
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to the proportionately greater eddy-making resistance from 

rough surfaces, and to the greater effect of rough sea and wind on 

small ships. For a given ship the value depends upon the speed. 

j)iys 
The curve of from a progressive trial almost always rises 

hetween low speeds and moderate speeds, and then falls away 
again between moderate speeds and high speeds. See Plates 4, 
6, 23, showing typical curves of C. 

Before beginning to calculate the power for a given ship, her 
salient features dominating resistance should be written down : — 

I. Proportions: — 

(1) The ratio of beam to length (Bn»). The breadth of the 

100-ft. model shows this immediately. The number 
of beams to length is the reciprocal, and is still pre- 
ferred by some people. 

(2) The ratio of draught to length. If the vessel is of 

light draught, then so much the worse for propulsion, 
especially if she is also very broad. 
II. Fulness: — 

(3) The block coefficient, mid-area coefficient, and pris- 

matic coefficient. 
III. Form :— 

The longitudinal distribution of displacement, depend- 
ing upon the shape of the curve of sectional areas 
and the water-line, especially of the fore body. 

y 
IV. Speed-length ratio —r= : — 

(4) The speed divided by the square root of the hundredth 

part of the length, or the speed divided by the square 
root of the length and multiplied by 10 = the corre- 
sponding speea of the 100-ft. model. 

In ordinary merchant ships, fulness and form have a greater 
influence than proportions. 

In- fast passenger vessels and channel steamers, increase of 
fulness of displacement increases the resistance more than either 
of the above factors. 

In torpedo craft and destroyer types, proportions become the 
principal factor. 

Consider whether the speed proposed is higher or lower than 
the appropriate limit of speed for that vessel ; if lower, she will 
be easy to drive, and a little more power will produce an 
appreciable extra speed ; if higher, an increase of ^eed requires 
an undue increase of power. This appropriate limit of speed is 
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called the "Limiting Economical Speed." It is often taken as 
the speed at which the I.H.P. is varying as about the fourth power 
of the speed. 

This point may be found by trial, by drawing tangents to the 
speed-power curve. (At higher speeds the I.H.P. jnay vary as 
the 7th or IGth or Uth or a still higher power of the speed.) 

It may be found also by logarithms, as described on p. 88. 

In our progressive trials the limiting economical speed is 
named and marked by an arrow, and on some of tne curves of 

T)|y3 

^ we have shown its position by a dot in a circle. 

I.H.P. 

Having settled these preliminaries for the proposed vessel and 

one or two other ships selected for comparison, examine all the 

available progressive curves of Admiralty constant, and after 

marking the position of our ^^ on one of these, read off the 

j)|y3 
value of the constant^ and apply the formula • 

I.H.P. 

After long practice the values given in the Tables of Steam- 
ship Data may be turned to some account, but only if considered 
strictly with regard to their ratios of speed to "limiting speed." 

For estimating power for propulsion, and comparing and pre- 
dicting performances, there are several other methods : — 

(1) The Admiralty coefl&cient used with S.H.P., taking 

?l^ = LH.P. ; thus, 

S.H.P. = ^iV^2. 

[For a reciprocating engine driving its own pumps, the ratio of 
S.H.P. to I.H.P. would be about -855, and perhaps slightly less 
for small powers.] 

(2) Admiralty " constant " system of notation : 

rc^ = 5ilt|lx 427-1. 

(3) The Law of Comparison, where similar ships at similar 
speeds having equal propulsive coefficients, and I — the ratio of 
their linear dimensions, have their E. H. P. 's varying as certain 
functions of i, — the skin H.P. varying as P'*^* and the residuary 
H.P. as V^'K 

(4) Independent estimate, where the skin H.P. is calculated. 
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the residuary H.P. is obtained by the use of Taylor's contours, 
the air resistance is calculated, and percentages are added to 
provide for appendages, fulness of form, engine friction, and 
propeller waste. 
(5) Model* experiments, as described later in the book. 

The Admiralty displacement constant = C varies with 

I. H.P. 

shape and proportion of hull and with speed, and of course with 
weather ani sea conditions. In the constant system of notation 
of results of experiments on models used at the British Admiralty 
experiment works, the values of the constant (jc) depend only on 
shape and speed ; size of vessel as a factor which would cause 
variation is eliminated. The value of (c\ is expressed as a con- 
stant for " similar '' forms at "corresponding speeds," whatever 
the absolute size of the vessel. The results are usually presented 

in the form of (^ curves for different (k) values, to a base of (m)j 

or to a base of ratio of length of entrance to length of run. These 

©E H P 
curves may be regarded as curves of ' ' ' for any ship of a 

fixed displacement. 

The appearance of the formula = C suggests that it is 

based upon certain assumptions. 

These are enumerated in an article by Mr Peter Doig in 
International Marine Engineering, August 1911, who gave a 

diagram intended to apply to cases in which the ratio °^ is 

somewhere between 7*16 and 9*54, particularly fine vessels, mail 
steamers, channel steamers, high-speed yachts. 

The assumptions are :— -(1) That the resistance varies as the 
square (and consequently the power as the cube) of the speed ; 

(2) that the ratio '"^^ ' is constant ; and (3) that resistance at 

I. H.P. • 

any particular speed is proportional to wetted surface, or two- 
thirds power of the displacement, to which wetted surface is 
itself approximately proportional. 
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Table XV. 



Type. 


Length in 
feet. 


Screws. 


Machinery. 


Speed 

in 
knots. 


Block co- 
efficient. 


Coasters 


200-300* 


Single 


Reciprocating 

Reciprocating 
Reciprocating 

or geared 

turbine 
Reciprocating 

or gPAred 

turbine 


10-16 


•55- -68 


Cargo 
vessels 

• 


200-300 
300-400 

400-600 


Single 
! Single or 
1 twin 

Single or 
twin 


8-12 
9-14 

10-17 


•65--85 
•65- -85 

•65--85 


Fine 
passenger 


250-400 
250-400 


Single or 
twin 

Twin or 
triple. 


Reciprocating 
or geared 
turbine 

Direct turbine 


15-22 
20-25 


•45--60 
•45--55 


Intermediate 

liners or 
mail steamers 


400 ft. ' 

and 
upwards 

500 ft. 

and 
upwards 


Twin 
Triple 

Twin ' 

Triple or 
quadruple 


Reciprocating 
Turbine or 
combination 


14-20 
16-20 


•60--70 
•60--65 


Fast liners 


Reciprocating 
or geared 
turbine 

Direct turbine 


19-23 
20-26 


•55--62 
•55--62 



Plate 6 applies to sea speeds on actual service, under more or 
less adverse weather conditions. 



CHAPTER VI. 
METHODS OF PRESENTING DIMENSIONS. 

Example. — Mr R. E. Froude*s 1904 Type 4, Series A, is a ship 
325 X 57 X 22 feet draught. Displacement = 6 048 tons. Block 
coefficient = •521. (The block coefficient seems to figure out just 
under •52.) 

For comparing with other vessels, the dimensions may be ex- 
pressed according to one or other of the following systems used 
in the literature of the subject : — 

(1) By Mr R. E. Froude s Constant System of Notation used at 
the Admiralty Experiment Works, and used also at the National 
Physical Laboratory, and by Mr Luke, the length, breadth, 
draught, displacement, and block coefficient are all embodied in 
the three symbols — 

= 6-458, = -966, = -368. 

The figures are the actual dimensions of ship multiplied by 

^5_7 

(Displacemout in tons)'. 

They may be regarded as the actual dimensions of an imaginary 
model of the ship, of one cubic foot displacement. (Trans, Inst. 
Naval Architects, 1888.) See also p. 73. 

(2) As a 100-ft. model : thus, 100 x 17*54 x 6*78. A = 1763 tons. 

6048 
Using our Table XIII on p. 41, I = 325, P = 34*33. i^^:^ 

= 176*3. The breadth and draught are percentages of the 
length, and the displacement 176*3 is the same as Mr Taylor's 
A 



(-f 

Vioo/ 



(3) By bringing it to a standard displacement of 10 000 tons. 

10 ()00 
Here we have j^ = 1% .*. / = 3842 5. Length = 384*25. 

.*. the dimensions are 384*25x67*4x26*08, with block co- 
efficient = -52, displacement = 10 000 tons. 

TO 
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(4) By bringing it to a standard length of 400 ft., a method 
employ^ by Mr Baker, and by Mr K. E. Froude in earlier 
jMtpers. 400 x 70*12 x 27*12. Displacement = 1 1 300 tons. 

(5) Mr Taylor's notation, which we have adopted to some 

extent in our tables, pp. 102, 358. L = 326. jj = 259. Beam 

as percentage of length = 17*54. /lOOy = 176-3. 

The following shows the application of Mr Fronde's Constant 
System of Notation to Mr Taylor's data : — 

Let V = speed in knots. 

r = resistance in lbs. in fresh water. 
8 = displacement in lbs. in fresh water. 
L = length in feet between perpendiculars. 
S = wetted surfaces in square feet. 

(Mr Taylor's models were run naked, i,e, without appendages 
such as bossings, etc.) 

In the case of Model No. 1107 : 

jr=Jx 2-074 K^^^x^-m 

C=^x232-6 a=jypy^x232-5 = 1-364 ~; 

V V 

X = -7= X 1-065 2 X = j-pz^ X 1-055 2 = V x -236 1 

^L 4-472 

K 20 

L also = -^ M =• i^tyq4 x 3"966 

L 70*7 72*4 

M= -J X 3-966 *S- jyj^x 15-73 to j^^.^x 15-73 

S 2-795 

/Sf = rjxl5-73 B = ^g.^Q^ x 3-966 

^ = 1^x3-966 i>-S-8-966 

(Note that the " constants " are in italics.) 

* Wetted surfaces of Taylor's models a. 1107 and d. 1092, 1'8 per cent, and 4 per 
cent, in excess of Mumford's wetted surfaces respectively, Mumford's wetted 
surface being 6945 sq. ft. Mr Taylor's values of C in his formula and curves 
fur wetted surface are for naked models, 
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m 

The following are Mr R. E. Froude's constants : — 

Let V = speed in knots ; v = do. in hundreds of ft. per min. 
R = resistance in tons in salt water ; r = do. in lbs. in 

fresh water. 
A = displacement in tons in salt water ; 5 = do. in lbs. 

in fresh water. 
L = length in feet between perpendiculars. 
S = wetted skin area in square feet. 
Then— 

(1) The "Speed Constant" (£), which expresses speed rela- 
tively to displacement to the one-sixth power, 

V V 

= -tX-583 4 = —X 2*074. 
Al 5* 

(2) The "Resistance Constant" Q)^ which expresses resist- 
ance relatively to the square of the speed multiplied by the two- 
thirds power of the displacement, 

R 



X2 938 = ^i-sX 232-6 
X 427-1. 



E.H.P. 

aSv^ 



(3) The " Length-Speed-Constant " Q, which expresses speed 

relatively to the square root of the length, 

V V 

= --=: X 1 -055 2 = — = X 01 41. 

vL fj\j 

The following indicates the method of obtaining the numerical 
value of the "Length-Speed Constant" (capital L, italics, in a 
circle) : — 

©_ Velocity of ship 

Velocity of wave of length = half length of ship 

,^ . „ -y in hundreds of ft. per min. x — — 

V m ft. per sec. _ 60 

^ 100 / 4ir '" 100 -; 
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Or, from another point of view, 

©y 
= 1'055 2—== , where V is speed in knots. 

1 knot = 101 J ft. per min. = 1013 3 hundreds of ft. per min. 
If V is in hundreds of ft. per min. 

., . . ^ V in hundreds of ft. per min. 
Van knots = T oi3 3 



= 



V in hundreds of f t. per min. 1'055 2 

JL ^ roi33 

1041V 



(4) The " Length Constant" (J), the ratio of the length of ship 
to the side of the cube containing the displacement, 

L L 

= -tX-3057 = -TX3-966. 
A* 8* 

(5) Equally, the constant for any linear dimension {e,g. 
^i) or (2) for beam or draught), the ratio of the beam or draught 
01 ship to the side of the cube containing the displacement. 

Dimension 
= ^^1 X -306 7. 

(6) The "Skin Constant" (J) expresses wetted surface rela- 
tively to the two-thirds power of the displacement, 

S S 

= -iX-093 46 = -oX 15-73. 
A« «« 

Note also that T^) = -—=7. 

In Mr R. E. Fronde's " Constant " system the constants are the 
same for the model as for the ship. 

Taking dimensions from the following example, Sadler, Trans. 
American Society Naval Arch, and Marine Engineers, 1916, we 

can^howjthat Mr R. E. Froude's "Skin Constant" Q) has the 
same value for ship and for model. 
(1) Type 2 {6)^a8*a 400-ft. ship. A=6 150. 
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Wetted surface by Mumford's formula : — 

400 X 50 X -537 = 10 750 
400x20x1-7 = 13 600 



S = 24 350 







S 
= — a X -093 46 

886-67 
= 6 79. 



(2) Type 2 (6) as a 100-ft. ship. A =96. 
Wetted surface by Mumford's formula : — 



lOOx 12-5 X -537=671 
100 X 50x1-7 = 850 



S = 1521 







"^ = 20*^95 ^'^^^^^ 
= 6-79. 



The method of applying these constants is very simple. All it 

entails is multiplying the ordinates, or (c\ values, by the constants 

given on p. 71, thus giving us the E.H.P. for any length of ship, 

the skin friction correction being part of the Q value. The 

constant system lends itself better than any other to research 
work, and can be applied by practical ship designers. It has 
the merit of presenting the Admiralty coefficient, favoured by 
engineers, disguised somewhat, and inverted, but still the language 
in which they are accustomed to think, and varying character- 
istically, as they know it does varjr. Mr R. E. Fronde's paper 
"On the Constant System of Notation of Results of Experiments 
on Models used at the Admiralty Experiment Works," read before 
the Institution of Naval Architects in 1888, describes the method 

of expressing the values of the resistance constant @, and the 

speed constant (^, constant for "similar" forms at "corre- 
sponding speeds,'^ whatever the absolute size. The resistance 

constant is virtually the formula fj turned upside 

oiOrse-power 

down for the sake of having the horse-power in the numerator, 
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^ as in this way the skin friction correction and other con- 
stituents of the resistance can be apportioned for the case under 
consideration. 

Mr R. E. Fronde's 1904 paper to the Inst. N.A. gave an 
account of experiments with six different sets of lines, varied 
in proportion bj independent variation of length, beam, and 
draught scales. Each set of lines, or parent form, or "type," 
was subjected to variations in proportion, consisting chiefly of 
variations in length scale relatively to cross-section scale, the 
proportion of beam to draught remaining unaltered. This 
variation in length proportion was represented in the models as 
a variation in cross-section scale, len^h remaining unaltered, 
giving a range of variation in proportion extending from 2 500 
tons up to 10 500 tons for the 350 ft. length of Type 1, A, with 

_ , = — r .the oriinnal 6 100 tons forming one of the inter- 
Draught 22' ^ ® 

mediate gradations. Stating this range of variation in the 
^'constant" system of notation, the range is from an M value 
of 7-884 corresponding to 2 500 tons to 4*886 for 10 500 tons. 
M = the ratio of the length of ship to the side of the cube con- 
taining the displacement. 

Another grade was tried, B, with ^^^"? = ??, for 350 ft. 
^ * ' Draught 19* 

length and 6 100 tons displacement, in which six " types " of 

form were tried, the range ot length proportion being from 1 250 

up to 7 750 tons, corresponding to an M value range of from 9*933 

to 5*407. Resistance was expressed in C values, i.e. the relation 

of (speed )2 x (displacement)! and for constant engine and propeller 

efficiency. The speed constant used was K, which expresses speed 

relatively to (displacemenyi. For ships of the same model, at 

"corresponding" speeds, and K are independent of absolute 

size (apart from skin friction correction). For each value of K 

there was a curve of C plotted to a base of M, and these were 

termed " Iso-K *' curves. For every K value there were twelve 

" Iso-K " curves (one for each of the six types, each of the two 

series A and B). Twenty-nine different values of K were taken, 

each appropriating a separate diagram. Skin friction correction 

curves were plotted under the C ordinates of the " Iso-K " curves. 

On each "Iso-K" diagram there was a curve for converting C 

into E.H.P., and another for converting K into speed ; and one 

for converting the constants into actual ship dimensions. 
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Mr R. E. Fronde's 1904, Type 4, Series A. K = 28. 
57 



Beam 
Draught 



= ^ = 2-59.. Speed = 20*5 knots. A = 6048 Lous. Derived 
by the " constant " system from the type ship in the third line. 





Dimensions in feet. 


Ck>efficient8. 




® 






Draught. 




Immersed 


Length. 


Beam. 
61-9 


1 


Pris- 
matic. 


midship 
area. 


4-6 


274 


23-85 


•524 


•877 6 


•598 


1293 


5-0 


298 


59-6 


23 


•518 


-877 5 


•690 


1200 


(type ship) 








1 






5-453 


325 


57 


22 


-521 -877 5 


.•594 


1100 


6 


358 


54-4 


21 


•517 -877 5 


•689 


1001 


6-6 


393-5 


51*6 


196 


•530 5-877 5 


•605 


887 


7-0 


418 


50-3 


19-33 


•52 -877 5 


•593 


854 


7-4 

* 


441 


48*6 


18-78 


•525 -877 6 


•600 


801 



AIV^ 

If the reader applies for himself the formula ^ 

^^ Jlorse-power 

for a ship and for its model, he will be met with the difficulty 

of making the values agree, but with Mr Froude's method the 

(c\ values determined from experiments on a model can be very 

conveniently corrected for a ship by deducting from the (c\ 
value for the model the net value Fm-Fs, where Fm =«: the 
skin friction term in the @ value for the model, and Fg = the 

skin friction term in the Q value for the ship. 
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The values of for various lengths of ship are given in the 
table below. 

Tablb XVI. — ^Table of Values of O for Various Lengths. 



Length ^ 


7alue of 


licngth 


Value of 


Length 


Value of 


Length 


Value of 


in feet. 


" 0." 


in feet. 


•• 0." 


in feet. 


" 0." 


in feet. 


'• 0." 


8 ■ 


140 90 


80 


•089 87 


350 


•075 25 


620 


•070 25 


9 - 


137 34 


90 


•08840 


360 


•0750 


640 


•0700 


10 


13409 


100 


•087 16 


380 


•074 57 


660 


•069 75 


12 


128 58 


120 


•08511 


400 


•074 12 


680 


•069 52 


14 


12406 


140 


•083 51 


420 


•073 71 


700 


•069 31 


16 


■120 35 


160 


•082 19 


440 


•073 31 


720 


•06908 


18 


•117 27 


180 


•081 08 


450 


•073 12 


740 


•068 85 


20 


•114 70 


200 


•08012 


460 


•072 94 


760 


•068 61 


25 


•109 76 


220 


•079 25 


480 


•072 57 


780 


•06840 


30 


•10590 


240 


•078 5 


500 


•072 19 


800 


068 19 


35 


•102 82 


250 


•078 14 


520 


•071 83 


820 


•0680 


40 


•100 43 


260 


•077 8 


540 


•071 49 


840 


•067 8 


45 


•098 39 


280 


•077 15 


550 


•071 32 


860 


•067 6 


50 


•096 64 


300 


076 55 


560 


•071 15 


880 


•067 4 


60 


•093 80 


320 


•07604 


580 


•070 83 


900 


•067 22 


70 


■09164 


340 


•075 5 


600 


•070 51 
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Tablb XVn. — ^MuLTiPLiBRS FOR Mr R. E. Froude's Skin 

Friction Coefficients. 

Functions of the Length-Speed-Constant (l^ • 



© 


L— "» 


© 


L--"» 


© 


L— "» 


© 


L-'"» 


•10 


1^4962 


•52 


1-121 


•90 


1-018 6 


1-28 


-957 5 


•15 


1396 


•53 


1118 


•91 


1017 


1-29 


•956 7 


•16 


1379 


•54 


1114 


•92 


1015 


130 


-955 12 


•17 


1-365 


•55 


1111 


•93 


1013 


131 


•954 


•18 


1352 


•56 


1-108 


•94 


10116 


132 


•952 5 


•19 


1338 


-57 


1-104 


•95 


10095 


133 


•9515 


•20 


1-325 


-58 


1101 


,•96 


1008 


134 


•950 


•21 


1313 


-59 


1-098 


•97 


1006 5 


135 


•9484 


•22 


1-303 


•60 


1-093 5 


•98 


1-004 2 


1-36 


•947 2 


•23 


1293 


•61 


1-091 


•99 


1002 5 


1-37 


•946 3 


•24 


1-284 


•62 


1-088 


10 


10000 


1-38 


-945 


•26 


1274 


-63 


1084 


101 


•998 2 


1-39 


•943 3 


•26 


1266 


•64 


1081 


1^02 


•996 8 


1-40 


•942 82 


•27 


1257 


-65 


1079 


103 


•995 


141 


•941 


•28 


125 


•66 


1076 


104 


-993 


142 


•9392 


•29 


1-243 


•67 


1073 


105 


•9916 


143 


•939 


•30 


1234 5 


-68 


107 


106 


-990 


144 


•938 


•31 


1227 


•69 


1067 


107 


•988 


145 


•937 


•32 


1221 


•70 


10644 


108 


•986 6 


146 


•936 


•33 


1-214 


•71 


1061 


109 


•985 


1-47 


•935 


•34 


1-208 


-72 


1-059 


110 


•98346 


1-48 


•933 5 


•35 


1-203 


•73 


1057 


1-11 


•9817 


1^49 


•932 


•36 


1196 


-74 


1054 


112 


•980 


1-50 


•93150 


•37 


119 


-75 


1051 


1-13 


•9782 


1-51 


•931 


•38 


1185 


-76 


1048 


1-14 


•977 


1-52 


•929 


•39 


1^18 


-77 


1046 


115 


•976 


1-53 


•928 


•40 


1173 9 


•78 


1043 


1-16 


•974 


1-54 


•927 


•41 


1-169 


•79 


1041 


117 


•972 5 


1-55 


•926 


•42 


1-164 


•80 


1039 8 


1-18 


•9713 


1-56 


-925 


•43 


1159 


•81 


1037 


119 


•969 6 


1-57 


•924 


•44 


1-154 


•82 


1035 


1-20 


•968 60 


1-58 


•923 


•45 


1-15 


•83 


1032 5 


1-21 


•966 7 


1-59 


-922 


•46 


1-145 


•84 


1030 5 


1-22 


•965 6 


1-60 


•921 04 


•47 


1-141 


•85 


1028 5 


1-23 


-964 


1-61 


•920 


•48 


1-137 


•86 


1026 5 


1-24 


-962 6 


1-62 


•919 


•49 


1133 


•87 


1024 5 


1-25 


•9618 


1-63 


•918 


•50 


1129 


•88 


1023 


1-26 


-960 6 


1-64 


•917 


•51 


1125 


-89 


1020 5 


1-27 


-959 


1-65 


•916 
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Table XVII. — ^Multiplibiis for Mr R. E. Froudb's Skin 
Friction Coefficients — continued. 

Functions of the Length-Speed-ConstantYL) 



© 


L--"» 


© 

> 


L_.178 


© 


L_.17» 


© 


L— "» 


1-66 


•915 


204 


•883 3 


2-42 


•856 8 


3-5 


•80313 


1-67 


•914 


205 


•882 4 


2-43 


•856 


3-6 


•799 18 


1-68 


•913 


206 


•8817 


2-44 


•854 


3-7 


•795 36 


1-69 


•912 


207 


•8810 


2-45 


•854 9 


3^8 


•791 66 


1-70 


•911 32 


208 


•880 


2-46 


•854 2 


39 


•78807 


1-71 


•910 


209 


•879 


2-47 


•853 6 


40 


•784 58 


1-72 


•909 2 


210 


•87824 


2-48 


•853 


41 


•78120 


1-73 


•908 5 


211 


•878 


2-49 


•852 4 


42 


•777 91 


1-74 


•907 5 


212 


•877 


2^50 


•851 84 


43 


•774 72 


1-76 


•906 6 


213 


•876 5 


251 


•8512 


4-4 


•771 61 


1-76 


•9056 


214 


•876 


252 


•850 6 


45 


•768 58 


1-77 


•905 


215 


•875 


253 


•850 


46 


•765 63 


1-78 


•903 6 


216 


•874 2 


254 


•849 5 


4-7 


•762 75 


1-79 


•902 6 


217 


•873 6 


2-55 


•848 9 


4-8 


•759 95 


1-80 


•902 25 


2^18 


•872 7 


2-56 


•848 3 


49 


•757 21 


1-81 


•901 


219 


•8719 


257 


•847 9 


50 


•754 54 


1-82 


•900 


2-20 


•871 12 


2-58 


•847 2 


51 


•751 93 


1*83 


•899 


221 


•870 6 


259 


•846 6 


52 


•749 38 


1-84 


•898 5 


2-22 


•870 


260 


•84602 


5-3 


•746 88 


1-85 


•897 5 


223 


•869 


2-61 


•845 5 


54 


•74444 


1-86 


•8969 


224 


•868 6 


2^62 


•845 


55 


•74206 


187 


•896 


225 


•868 


263 


•8444 


5-6 


•739 72 


1-88 


•895 


2-26 


•867 


264 


•843 9 


5-7 


•73743 


1-89 


•8944 


227 


•866 5 


265 


•843 2 


5^8 


•735 19 


1-90 


•893 75 


2^28 


•866 


2^66 


•842 7 


5-9 


•732 995 


1-91 


•892 7 


229 


•865 


2^67 


•8421 


60 


•730 84 


1-92 


•892 3 


230 


•86437 


2^68 


•8416 


61 


•728 73 


1-93 


•891 


231 


•863 7 


2-69 


•841 


6^2 


•726 66 


1-94 


•890 5 


232 


•863 


2-70 


•840 45 


63 


•724 63 


1-95 


•890 


233 


•862 5 


2-75 


•837 9 


6-4 


•722 63 


196 


•889 


234 


•8619 


2^80 


•83512 


6-5 


•720 68 


1-97 


•888 5 


235 


•8612 


2^85 


•832 5 


6-6 


•718 75 


1-98 


•887 6 


236 


•860 5 


290 


•83000 


6-7 


•716 86 


1-99 


•886 6 


237 


•860 


30 


•82509 


6^8 


•71501 


200 


•885 77 


2-38 


•859 3 


31 


•82037 


69 


•713 18 


2-01 


•885 


2-39 


•858 6 


32 


•815 83 


70 


•71139 


202 


•884 6 


2^40 


•857 95 


33 


•81145 


71 


•709 63 


203 


•884 


241 


•857 3 


3-4 


•807 22 


71 


•707 89 
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Table XVIIL— Powers of thb Speed for Ships in Salt Water. 



V 


yi'M 


yi'M 


yi>M* 


yi'tu 


V 
4-5 


yi'M 


yi'U 


yi'$u 


yi'$u 


1 


1 


1 


1 


1 


15-66 


70 


15-5 


69-7 


11 


119 


1-31 


1-19 


1-31 


4-6 


16-3 


76 


16-2 


74-6 


1-2 


1-40 


1-68 


1-396 


1-673 


4-7 


17 


80 


16-9 


79-4 


1-3 


1-62 


21 


1-614 


21 


4-75 


17-37 


82-5 


17-2 


817 


1-4 


1-853 


2-696 


1-846 


2-583 


4-8 


17-7 


85 


17-5 


84 


1-6 


21 


315 


2-05 


308 


4-9 


18-4 


90 


18-2 


891 


1-6 


2-36 


3-79 


236 


3-78 


5-0 


19 


95 


18-86 


94-3 


1-7 


2-64 


4-48 


263 


4-47 


51 


19-8 


100 


19-54 


99-6 


1-75 


2-78 


4-89 


2-78 


4-86 


5-2 


20-6 


106 


20-32 


105-7 


1-8 


2-93 


6-28 


2-92 


5-26 


6-25 


20-8 


109 


20-7 


108-8 


1-9 


3-23 


6-14 


3-22 


6-12 


5-3 


21-3 


112 


20-94 


1110 


20 


3-66 


7-11 


3-54 


7-09 


5-4 


22 


118 


21-7 


1171 


21 


3-89 


8-16 


3-88 


8-15 


5-5 


22-6 


124 


22-44 


123-4 


2-2 


423 


9-3 


4-22 


9-29 


5-6 


23-5 


131 


23-1 


129-2 


2-25 


442 


9-95 


4-4 


9-9 


5-7 


24-2 


138 


23-9 


136-1 


2-3 


4-58 


10-52 


4-67 


10-51 


5.75 


24-6 


1416 


24-3 


139-6 


2-4 


4-97 


11-93 


4-95 


11-88 


5-8 


25 


145 


24-7 


143-1 


2-6 


5-35 


13-38 


5-16 


12-88 


5-9 


25-8 


152 


25-6 


151 


2-6 


6-76 


15 


5-56 


14-47 


6-0 


26-5 


169 


26-31 


157-8 


2-7 


617 


16-68 


6-0 


16-2 


6-1 


27-5 


167 


27-1 


1651 


2-75 


6-36 


17-5 


6-33 


17-4 


6-2 


28-3 


175 


28-0 


173-5 


2-8 


6-61 


186 


6-54 


183 


6-25 


28-6 


179 


28-3 


176-9 


29 


701 


20-33 


6-99 


20-26 


6-3 


29-2 


183 


28-7 


180-8 


30 


7-48 


22-42 


7-42 


22-2 


6-4 


30-0 


191 


29-6 


189-4 


31 


7-96 


24-65 


7-91 


24-43 


6-5 


30-8 


200 


30-34 


197 


3-2 


8-41 


26-9 


8-34 


26-68 


6-6 


31-7 


209 


31-25 


206 


3-26 


8-63 


2804 


8-59 


27-92 


6-7 


32-6 


218 


32-24 


216 


3-3 


8-89 


29-3 


8-82 


29-1 


6-75 


33 


222-5 


32-5 


219-5 


3-4 


9-42 


32 


9-34 


31-75 


6-8 


33-6 


227 


331 


225 


3-5 


9-91 


34-7 


9-86 


34-52 


6-9 


34-4 


236 


33-9 


234 


3-6 


10-44 


37-6 


10-33 


37-2 


7-0 


35-2 


246 


34-85 


244 


3-7 


11 


41 


10-9 


40-4 


71 


36-3 


256 


35-8 


254 


3-76 


11-33 


42-5 


11-09 


41-56 


7-2 


37-2 


267 


36-7 


264-2 


3-8 


11-62 


44 


11-43 


43-5 


7-25 


37-6 


272-5 


37-2 


269-7 


3-9 


121 


47 


120 


46-8 


7-3 


38-2 


278 


37-7 


275-2 


40 


1275 


61 


12-31 


50-2 


7-4 


39-2 


289 


38-6 


285-7 


41 


13-25 


54 


13-15 


63-9 


7-5 


40 


300 


39-7 


297-9 


4-2 


13-85 


58 


13-7 


67-5 


7-6 


411 


311 


40-6 


308-5 


4-25 


14-11 


60 


140 


59-5 


7-7 


42-1 


323 


41-6 


320-5 


4-3 


14-41 


62 


14-3 


61-45 


7-75 


42-5 


329 


41-9 


324-5 


4-4 


1503 


66 


14-9 


65-65 


7-8 43 


336 


42-5 


331-6 
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Tablb XVIII. —Powers of the Speed fob Ships in Salt 

Water — covUinued. 



V 


yi'Ss 


yS'St 


yi'tu 


yi'Sts 


V 
11-3 


yi-»8 


ys>ss 


yi-8t> 


ys-8s* 


7-9 


44 


347 


43-5 


343-8 


84-7 


956 


83-4 


943 


80 


45 


360 


44-47 


355-8 


11-4 


86 


980 


84-9 


968 


81 


46-2 


373 


45-6 


370 


11-5 


87-4 


1004 


86-2 


992 


8-2 


472 


386 


46-5 


3815 


11-6 


88-9 


1029 


87-7 


1019 


8-25 


47-6 


392-5 


46-9 


387 


11-7 


90-1 


1054 


89 


1041 


8-3 


481 


399 


47-6 


394-4 


11-75 


90-9 


1067 


89-7 


1055 


8-4 


49-2 


413 


48-8 


409-5 


118 


91-8 


1080 


90-4 


1067 


8-5 


50-3 


427 


49-7 


423 


11-9 


93 


1106 


91-9 


1093 


8-6 


514 


441 


50-7 


426 


120 


94-4 


1133 


93-21 


1 118 


8-7 


52-5 


456 


51-6 


449 


12-1 


96 


1160 


949 


1 149 


8-75 


529 


463-5 


52-4 


458-3 


12-2 


97-3 


1187 


96 


1171 


8-8 


53-6 


471 


52-8 


464-5 


12-25 


98-2 


1201 


96-5 


1181 


8-9 


54-6 


486 


54 


480-5 


12-3 


98-9 


1215 


96-9 


1191 


9-0 


55-7 


502 


55-14 


496-2 


12-4 


100-2 


1243 


99 


1229 


91 


56-9 


518 


66-2 


5115 


12-5 


101-8 


1271 


100-3 


1254 


92 


58 


634 


57-4 


528 


12-6 


103-2 


1300 


101-8 


1281 


9-25 


58-6 


542-5 


58 


536 


12-7 


104-9 


1330 


103-1 


1310 


9-3 


59-4 


551 


58-6 


545 


12-75 


105-6 


1345 


104 


1327 


9-4 


60-5 


568 


59-8 


561-6 


12-8 


106-2 


1360 


1047 


1340 


9-5 


616 


585 


61 


579-5 


12-9 


107-8 


1390 


1061 


1370 


9-6 


62-8 


602 


62 


595 


13-0 


109-4 


1421 


107-8 


1402 


9-7 


64 


620 


63-1 


613 


131 


110-9 


1452 


109-3 


1432 


9-76 


64-6 


630 


63-7 


621 


13-2 


112-4 


1483 


110-9 


1462 


9-8 


651 


639 


64-2 


629 


13-25 


1131 


]499 


111-5 


1477 


9-9 


66-5 


657 


65-4 


646 


13-3 


114 


1515 


112-4 


1495 


100 


67-6 


676 


66-83 


668-3 


13-4 


115-6 


1548 


114 


1529 


10-1 


69 


695 


68 


686 


13-5 


117 


1581 


115-5 


1560 


10-2 


70-2 


715 


69-2 


706 


13-6 


118-8 


1614 


117 


1591 


10-25 


70-7 


725 


70 


719 


13-7 


120-3 


1648 


118-9 


1629 


10-3 


71-6 


735 


70-6 


728 


13-75 


1211 


1665 


119-4 


1642 


10-4 


72-8 


755 


71-9 


747 


13-8 


122 


1682 


120-2 


1660 


10-5 


73-9 


776 


73-1 


769 


13-9 


123-6 


1717 


121-9 


1692 


10-6 


75-3 


797 


74-4 


789 


140 


125-2 


1752 


123-5 


1729 


10-7' 


76-8 


819 


75-6 


810 


14-1 


126-8 


1788 


125 


1761 


10-75 


773 


830 


76-2 


820 


142 


128-4 


1824 


127-4 


1810 


10-8 


78 


841 


77 


831 


14-25 


129-3 


1842 


128 


1824 


10-9 


79-4 


863 


78-3 


853 


14-3 


130 


. 1860 


128-6 


1839 


110 


80-5 


885 


79-53 


874-8 


14-4 


131-7 


1897 


130-2 


1876 


11-1 


82 


908 


80-9 


897 


14-5 


133-5 


1935 


131-9 


1911 


11-2 


83-2 


932 


821 


920 


14-6 


1351 


1973 


133-5 


1 949 


11-25 


83-9 


944 


82-9 


933 


14-7 


136-9 


2012 


135 


1985 
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Table XVIII.— Powebs of the Speed fob Ships in Salt 

Water — contiivued. 



V 


yi-n 


yi'M 


yi'Su 


ya'SU 


V 


yi<n 


ya-ss 

3681 


yi^$i> 


yaaat 


14-75 


137-9 


2031 


136 


2006 


18-2 


202-4 


199 


3620 


14-8 


138-6 


2051 


136-8 


2022 


18-25 


2035 


3 710 


200 


3 650 


14-9 


140-2 


2090 


138-4 


2061 


18-3 


2041 


3 739 


201 


3 680 


150 


142 


2130 


140 


2101 


18-4 


206-2 


3 797 


203 


3 740 


151 


143-7 


2170 


142 


2142 


18-5 


208-4 


3 856 


205-1 


3 800 


16-2 


145-5 


2 211 


143-8 


2184 


18-6 


210-4 


3915 


207-2 


3 860 


15-25 


146-4 


2 231 


144-5 


2 205 


18-7 


2128 


3975 


209-3 


3 912 


15-3 


1471 


2 252 


145-4 


2 223 


18-75 


214 


4010 


210-3 


3 942 


15-4 


149 


2 294 


147-1 


2 266 


18-8 


214-8 


4035 


2115 


3975 


15-5 


150-8 


2 337 


149 


2 310 


18-9 


2168 


4096 


2135 


4037 


15-6 


152-5 


2380 


150-5 


2 348 


19-0 


219 


4158 


215-6 


4097 


15-7 


154-4 


2423 


152-3 


2 392 


191 


221-2 


4 220 


217-7 


4155 


15-76 


155-3 


2445 


1531 


2 415 


19-2 


223-2 


4283 


219-7 


4213 


15-8 


156-1 


2 467 


154 


2 433 


19-25 


224-5 


4 314 


220-7 


4 250 


15-9 


158 


2 512 


155-9 


2 477 


19-3 


225-2 


4346 


221-8 


4 280 


160 


159-9 


2 557 


157-5 


2 521 


19-4 


227-6 


4410 


2238 


4 340 


161 


161-7 


2 602 


159-4 


2 568 


19-5 


229-6 


4475 


225-9 


4400 


16-2 


163-4 


2 648 


161-3 


2 615 


19-6 


231-8 


4540 


228 


4 466 


16-25 


164-4 


2 672 


162-1 


2 638 


19-7 


234 


4 606 


230 


4 535 


16-3 


165-1 


2 695 


163-1 


2 660 


19-75 


235 


4640 


231 


4 560 


16-4 


167-2 


2 742 


164-9 


2 702 


19-8 


236 


•4 673 


2321 


4600 


16-5 


169 


2 789 


166-7 


2 750 


19-9 


238-2 


4 740 


2343 


4 660 


16-6 


170-7 


2 837 


168-4 


2 796 


20-0 


240-5 


4 808 


236-8 


4 736 


16-7 


173 


2 886 


170-2 


2 942 


20-1 


242-9 


4 876 


238-7 


4800 


16-75 


173-2 


2 910 


171-2 


2 870 


20-2 


244-8 


4 945 


241 


4 860 


16-8 


174-8 


2 935 


172-1 


2 893 


20-25 


246 


4980 


242-1 


4 908 


16-9 


176-9 


2 985 


174 


2 940 


20-3 


247-6 


5015 


2431 


4940 


170 


178-5 


3035 


176 


2992 


20-4 


249-3 


5085 


245-3 


5002 


171 


180-7 


3086 


177-8 


3040 


20-5 


251-6 


5156 


247-7 


5085 


17-2 


182-4 


3137 


179-4 


3085 


20-6 


253-9 


5 227 


250 


5150 


17-25 


183-5 


3163 


180-3 


3111 


20-7 


255-9 


5 299 


252 


5 220 


17-3 


184-4 


3189 


181-3 


3140 


20-75 


257 


5335 


253-2 


5 255 


17-4 


186-6 


3 242 


183-2 


3190 


20-8 


258-4 


5372 


254-3 


5 295 


17-5 


188-3 


3 295 


1851 


3 240 


20-9 


260-6 


5445 


256-6 


5 360 


17-6 


190-3 


3 348 


187-1 


3 292 


21-0 


262-9 


5 519 


258-8 


5 435 


17-7 


192-5 


3402 


189 


3346 


211 


265-2 


5 594 


261-2 


5 512 


17-75 


193-3 


3 430 


190 


3 371 


21-2 


267-8 


5 669 


263-5 


5 590 


17-8 


194-2 


3 457 


191 


3400 


21-25 


268-8 


5 707 


264-6 


6 630 


17-9 


196-2 


3 512 


193 


3 445 


21-3 


269-9 


5 745 


265-7 


5 655 


18-0 


198-2 


3 568 


195-3 


3 516 


21-4 


272 


5 822 


268 


6 740 


181 


200-3 


3 624 


197 


3 562 


21-5 


2741 


5 899 


270-2 


5 810 
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Table XVIII. — Powers of the Speed for Ships in Salt 

Water — continued. 



V 


yi-i* 


yS'U 


yi'tM 


ys-us 


V 
250 


yi'M 


yi'M 


yi>$M 


yi'ttt 


21-6 


276-7 


6977 


272-5 


5 890 


361-8 


9040 


355-8 


8 890 


21-7 


279-4 


6066 


276 


5970 


261 


364 


9143 


368-6 


9000 


21-76 


280-3 


6096 


276 


6000 


26-2 


366-6 


9 246 


361-1 


9 100 


21-8 


281-3 


6136 


2771 


6046 


26-26 


368 


9 298 


362-6 


9150 


21-9 


2841 


6 216 


279-3 


6110 


25-3 


369-6 


9350 


364 


9190 


22-0 


286-2 


6 296 


281.7 


6199 


26-4 


372-5 


9466 


366-4 


9 310 


22-1 


289 


6 377 


284-1 


6 290 


26-5 


376 


9 561 


369 


9 410 


22-2 


291-2 


6 469 


286-2 


6360 


25-6 


377-6 


9 668 


371-8 


9 610 


22-25 


2921 


6500 


287-6 


6400 


25-7 


380 


9 776 


374-4 


9 630 


223 


293-8 


6642 


288-8 


6448 


26-75 


382 


9 829 


376-9 


9 680 


22-4 


296 


6 625 


291-1 


6 620 


26-8 


383 


9 883 


377-1 


9 740 


22-5 


2981 


6 709 


293-6 


6600 


25-9 


386-2 


9992 


379-9 


9840 


22-6 


300-8 


6 794 


296 


6 690 


26-0 


388-6 


10101 


382-2 


9940 


22-7 


303 


6 880 


298-3 


6 780 


26-1 


392 


10 212 


386 


10 060 


22-76 


304-6 


6 923 


299-6 


6 806 


26-2 


394 


10 323 


387-7 


10150 


22-8 


306 


6 966 


300-7 


6 860 


26-25 


395-2 


10379 


389 


10 210 


22-9 


3081 


7063 


303 


6 940 


26-3 


397 


10 436 


390-6 


10 280 


23-0 


310-3 


7140 


806-6 


7028 


26-4 


399-5 


10 647 


393-2 


10 380 


23-1 


313 


7 228 


308 


7120 


26-6 


402 


10 661 


396 


10 490 


23-2 


3157 


7 317 


310-4 


7200 


26-6 


406 


10 776 


398-7 


10 610 


23-26 


316-9 


7 362 


3119 


7 260 


26-7 


407 


10 890 


401-4 


10 710 


23-3 


318 


7 407 


3131 


7 300 


26-76 


409-8 


10948 


402-9 


10 770 


23-4 


3201 


7 497 


316-6 


7 390 


26-8 


411 


11006 


404-1 


10 820 


23-6 


323 


7 688 


318 


7 480 


26-9 


413-6 


11123 


406-7 


10 940 


23-6 


326-2 


7 680 


320-3 


7560 


27-0 


416-5 


11240 


409-4 


11050 


23-7 


328 


7 772 


323 


7 660 


27-1 


419-2 


11358 


412-4 


11180 


23-75 


329-6 


7 818 


3241 


7 700 


27-2 


421-6 


11477 


415-1 


11300 


23-8 


330-8 


7 866 


325-4 


7 760 


27-25 


423-6 


11537 


416-5 


11370 


23-9 


332-5 


7 959 


327-8 


7 830 


27-3 


425 


11697 


418 


11410 


240 


335-9 


8064 


330-2 


7 926 


27-4 


428 


11718 


420-7 


11520 


24-1 


338 


8149 


332-7 


8016 


27-5 


431 


11839 


423-5 


11630 


24-2 


341 


8 246 


335-2 


8110 


27-6 


433-6 


11961 


426-3 


11770 


24-25 


342-1 


8 296 


336-6 


8160 


27-7 


436-5 


12084 


429 


11890 


24-3 


343-3 


8342 


337-8 


8 205 


27-75 


438 


12146 


430-4 


11960 


24-4 


346 


8440 


340-2 


8300 


27-8 


440 


12 208 


431-8 


12 010 


24-5 


348-2 


8 638 


343 


8406 


27-9 


442 


12 333 


434-6 


12 120 


24-6 


350-7 


8 637 


346-6 


8500 


28-0 


446 


12 468 


437-4 


12 260 


24-7 


353-3 


8 737 


348 


8600 


28-1 


447 


12 586 


440-2 


12 390 


24-75 


356 


8 787 


349-4 


8 660 


28-2 


451-8 


12 712 


443-3 


12 600 


24-8 


356 


8 837 


350-6 


8 700 


28-25 


451-7 


12 776 


444-8 


12 570 


24-9 


359 


8 938 


363-2 


8800 


28-3 


464 


12 840 


446-2 


12 630 
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Table XVIII. — Powers of the Speed ron Ships in Salt 

Water — continued. 



V 


yi-u 


yi'M 


yi«$u 


ya-tu 


V 


yi'M 


ya*u 


yi'SU 


yt>tM 


28-4 


466-5 


12 969 


449 


12 750 


31-8 


661 


17 860 


5521 


17 570 


28-5 


459-4 


13099 


452 


12 890 


31-9 


565 


18019 


566 


17 700 


28-6 


463 


13 229 


454.9 


13 000 


320 


668 


18179 


6583 


17 860 


28-7 


465 


13 360 


457-7 


13 120 


321 


671.6 


18340 


561-5 


18030 


28-75 


467-3 


13426 


4591 


13 200 


322 


676 


18 603 


564-7 


18170 


28-8 


468-5 


13492 


460.5 


13 280 


3225 


676 


18684 


566-2 


18 280 


28-9 


471-2 


13 625 


4^.4 


13 390 


323 


577.5 


18666 


567-9 


18 360 


29-0 


474-5 


13 769 


4665 


13 620 


324 


681 


18830 


571 


18 500 


291 


477 


13 894 


4692 


13 650 


32-5 


684.5 


18995 


574.3 


18 670 


29-2 


480-4 


14030 


4723 


13 800 


326 


688.5 


19161 


577.5 


18 820 


29-25 


481-5 


14098 


474 


13 860 


327 


591 


19327 


580.7 


18 980 


29-3 


4835 


14166 


475-3 


13 920 


32-76 


693 


19411 


5823 


19070 


294 


487 


14303 


4783 


14 060 


32.8 


596 


19496 


584 


19 140 


29-5 


490 


14441 


4813 


14 210 


329 


698 


19664 


587 


19 310 


29-6 


492 


14 580 


4842 


14 320 


33-0 


601 


19833 


590-5 


19 490 


29-7 


496 


14 720 


4871 


14 470 


331 


605 


20004 


594 


19 620 


29-75 


497.5 


14 790 


488.7 


14 520 


332 


6O8.5 


20176 


597 


19 820 


29-8 


499 


14 860 


490 


14 600 


3325 


610 


20 261 


5986 


19 900 


29-9 


502-3 


15002 


493-3 


14 730 


33.3 


611 


20348 


600 


19 990 


30-0 


605 


15144 


496-3 


14 890 


33-4 


616 


20 621 


6032 


20 130 


301 


608 


15288 


4991 


15010 


33.5 


619 


20 696 


606-6 


20 310 


30-2 


511 


15432 


502-1 


15180 


33-6 


621-5 


20 871 


610 


20 490 


30-25 


513 


16604 


603-8 


15 240 


33-7 


625 


21047 


613-5 


20 640 


303 


514 


16 677 


5051 


15 310 


33-75 


628-5 


21185 


615 


20 750 


30-4 


517-5 


16 723 


508-3 


15 420 


338 


630 


21224 


616-8 


20 870 


30-5 


520-2 


16870 


511-4 


16 610 


33-9 


6315 


21403 


620 


22 009 


30-6 


524 


16017 


514-4 


15 720 


340 


634-6 


21682 


623-6 


21204 


30-7 


526 


16166 


518 


15 900 


34-1 


639 


21762 


627 


21399 


30-75 


529 


16241 


5192 


16 950 


342 


643 


21943 


630-2 


21660 


30-8 


530 


16316 


520-8 


16 060 


3425 


6443 


22034 


632 


21640 


30*9 


5326 


16466 


5238 


16170 


34.3 


645 


22126 


633-7 


21 710 


310 


536 


16617 


5269 


16 330 


34-4 


649 


22308 


637 


21920 


311 


539 


16 769 


529.9 


16 480 


34-5 


652 


22492 


640-2 


22 100 


31-2 


543 


16 922 


633 


16 610 


346 


656 


22 677 


643-9 


22 250 


31-25 


544 


16 999 


6346 


16 700 


34-7 


660 


22 863 


6472 


22 450 


31*3 


545-2 


17076 


5361 


16 790 


34.75 


661 


22 956 


648.9 


22 545 


31-4 


549-5 


17 231 


539.4 


16 920 


34-8 


663 


23050 


66O.7 


22 640 


31-5 


5514 


17 387 


542.6 


17 090 


34.9 


666 


23 238 


654.1 


22 810 


31-6 


665 


17 543 


545.7 


17 250 


35-0 


670 


23427 


6575 


23 014 


31-7 


559 


17 701 


548.8 


17 380 


361 


674 


23 617 


661 


23 210 


31-75 


560 


17 780 


550-6 


17500 


35-2 


676 


23 808 


664.5 


23 400 
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Tablb XVIII. — Powers of the Speed for Ships in Salt 

Water — continued. 



V 


yi*M 


yt'U 


71 'tis 


ya-sts 


V 
38-7 


yi-ss 


yt>M 


yi'Sis 


ya>tts 


35-25 


678 


23 904 


6662 


23 480 


804-5 


31133 


790 


30 580 


35-3. 


680 


24000 


668 


23 560 


38-76 


808 


31247 


791-8 


30 690 


35-4 


683-5 


24192 


671-3 


23 770 


38-8 


809 


31361 


793-7 


30 800 


35-6 


687 


24386 


674-9 


23 940 


38-9 


8115 


31691 


797-3 


31000 


35-6 


690 


24 681 


678-2 


24 130 


39-0 


816 


31821 


8011 


31250 


35-7 


694 


24 777 


682 


24 370 


39-1 


820 


32052 


804-8 


31480 


36-76 


696 


24 875 


683-5 


24 460 


39-2 


824 


32 286 


808-7 


31700 


36-8 


698 


24974 


685-2 


24 550 


39-26 


826 


^2 402 


810-5 


31810 


36-9 


701 


25172 


688-8 


24 710 


39-3 


828 


32 619 


812-4 


31930 


36-0 


705 


26371 


692-2 


24 920 


39-4 


831-6 


32 753 


816 


32 160 


361 


709 


25 671 


695-7 


25120 


39-5 


835 


32 989 


820 


32 400 


36-2 


712-5 


26 772 


699 


26 300 


39-6 


840 


33 226 


823-7 


32 600 


36-26 


714 


26873 


701 


25 400 


39-7 


843 


33 464 


827-5 


32 880 


36-3 


716 


26974 


702-8 


25 500 


39-75 


845 


33 583 


829-4 


33 000 


36-4 


719 


26177 


7061 


25 710 


39-8 


847 


33 703 


8312 


33 120 


36-6 


723 


26381 


709-8 


25 920 


39-9 


850-3 


33943 


836 


33 330 


36-6 


726 


26 586 


713-2 


26120 


40-0 


864-5 


34186 


839 


33 560 


36-7 


729-5 


26 792 


716-9 


26 220 


40-1 


859 


34427 


851 


34 200 


36-76 


732 


26 895 


718-6 


26 380 


40-2 


863 


34 670 


851 


34 210 


36-8 


734 


26999 


720-3 


26 530 


40-25 


864-5 


34 792 


852 


34 300 


36-9 


738 


27 207 


724 


26 700 


40-3 


867 


34915 


854 


34 400 


37-0 


741 


27 417 


727-7 


26 925 


40-4 


871 


36161 


857 


34 610 


371 


746 


27 627 


731-5 


27 150 


40-6 


874-5 


36408 


860 


34 810 


37-2 


748-5 


27 838 


7352 


27 390 


40-6 


878 


35 656 


863 


35 020 


37-26 


750 


27 944 


737-1 


27 480 


40-7 


883 


35906 


866-7 


35 270 


37-3 


753 


28060 


739 


27 570 


40-76 


884-5 


36030 


867 


35 350 


37-4 


756 


28364 


743 


27 790 


40-8 


886 


36155 


869 


36 410 


37-5 


760 


28478 


746-7 


28000 


40-9 


891 


36406 


872 


35 650 


37-6 


764 


28 693 


750-4 


28 210 


41-0 


894-5 


36 659 


875 


35 840 


37-7 


768 


28 910 


754-4 


28 420 


41-1 


898-5 


36 912 


878 


36 080 


37-75 


769 


29018 


756-3 


28 530 


41-2 


901 


37167 


881-3 


36 330 


37-8 


770 


29127 


758-4 


28 650 


41-25 


904-5 


37 295 


883-2 


36 410 


37-9 


774 


29346 


762-1 


28 890 


41-3 


907 


37 423 


884-6 


36 500 


38-0 


779 


29 566 


764 


29033 


41-4 


911 


37 680 


888 


36 720 


381 


782 


29 786 


768 


29 230 


41-5 


914-5 


37938 


892 


37 020 


38-2 


786-5 


30008 


771-3 


29 450 


41-6 


918 


38197 


896 


37 290 


38-26 


788 


30119 


773 


29 580 


41-7 


922 


38 458 


901 


37 600 


38-3 


790 


30 231 


775 


29 700 


41-75 


924-5 


38 588 


903 


37 700 


38*4 


793-5 


30 455 


778-8 


29 880 


41-8 


928 


38 719 


905-6 


37 810 


38-5 


797 


30 680 


782-3 


30150 


41-9 


931 


38982 


909-5 


38 050 


38-6 


801 


30 906 


786 


30 350 


42-0 


934*5 


39246 


914 


38 370 
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Table XVIII.— -Poweks of the Speed for Ships in Salt 

Water — contiwued. 



V 


yi-na 


yt>n 


yi'Sts 


yt-8ts 


V 
45-0 


yi>M 


yt-n 


yx-8s» 


y«-M» 


421 


939 


39 511 


918 


38 620 


1060 


47 708 


1043 


46 950 


42-2 


942 


39 777 


922 


38 910 


45-1 


1X)65 


48008 


1045 


47 150 


42-25 


944-5 


39910 


924 


39020 


45-2 


1069 


48310 


1 048-3 


47 420 


42-3 


948-5 


40044 


926 


39160 


45-25 


1071 


48465 


1050-3 


47 560 


42-4 


950-5 


4(^313 


930-5 


39 440 


45-3 


1074 


48614 


1 0522 


47 650 


42-6 


954-6 


40 583 


934-5 


39 700 


45-4 


1078 


48 918 


1056-2 


47 900 


42-6 


956 


40 853 


938-6 


40 000 


45-5 


1082 


49223 


1 062-2 


48 250 


42-7 


964 


41125 


942-8 


40 300 


45-6 


1086 


49 530 


1064-2 


48 550 


42-75 


965 


41262 


944-8 


40 400 


45-7 


1090 


49 838 


1068 


48 810 


42-8 


9665 


41399 


947 


40 550 


45-75 


1092 


49 996 


1 070-1 


49 000 


42-9 


973 


41673 


951 


40 820 


45-8 


1097 


50148 


1072-1 


49100 


430 


975 


41948 


955-5 


41080 


45-9 


1100 


50 458 


1076 


49 380 


431 


979-5 


42 225 


959-4 


41400 


460 


1103 


50 770 


1080 


49 650 


432 


984 


42 503 


963-6 


41650 


46-1 


1109 


51083 


1084 


60 000 


43-25 


986 


42 642 


966 


41820 


462 


1112 


51397 


1088 


50 300 


43-3 


988 


42 782 


967-8 


41900 


46-25 


1116 


51558 


1090 


60 450 


43-4 


993 


43062 


972 


42 150 


46-3 


1119 


51712 


1092 


50 600 


43-6 


996 


43 343 


976 


42 460 


46-4 


1123 


52029 


1096 


50 850 


43-6 


1000 


43 626 


980 


42 780 


46-5 


1127 


52 347 


1100 


51 100 


43-7 


1004 


43 910 


984 


43 000 


46-6 


1131 


52 666 


1104 


51500 


43-75 


1008 


44052 


986-5 


43 130 


46-7 


1135 


52 986 


1108 


51800 


43-8 


1110 


44195 


988-8 


43 300 


46-75 


1138 


53151 


1110 


51900 


43-9 


1013 


44481 


993 


43 560 


46-8 


1140 


53 308 


1113 


52110 


44-0 


1018 


44 768 


998 


43 900 


46-9 


1145 


53 632 


1116 


62 320 


441 


1021 


46057 


1002 


44 300 


470 


1149 


53 956 


1121 


52 700 


44-2 


1025 


45347 


1006-3 


44 500 


47-1 


1152 


54 281 


1 125-7 


53010 


44*25 


1028 


45492 


1007-5 


44 600 


47-2 


1158 


54608 


1131 


53 450 


44-3 


1030 


45638 


1011 


44 810 


47-25 


1160 


54 776 


1133 


53 550 


44-4 


1035 


45930 


1015-2 


45060 


47.3 


1162 


54 936 


1136 


53 620 


44-5 


1039 


46 223 


1020 


45 400 


47-4 


1167 


55265 


1140-5 


54 100 


44-6 


1044 


46 518 


1 024-3 


45 750 


47-5 


1171 


55596 


1145 


54 400 


44-7 


1047 


46 814 


1029 


46 000 


47-6 


1175 


55 928 


1150 


54 800 


44-75 


1050 


46 962 


1031-6 


46 190 


47-7 


1179 


56 261 


1165 


65100 


44-8 


1054 


47110 


1034 


46 330 


47-75 


1181 


56432 


1158 


65 300 


44-9 


1057 


47408 


1039 


46 600 


47-8 


1184 


56 595 


1160 


55 450 
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The rate of increase of horse-power for small increments of 
speed may be ascertained by the use of common logarithms. We 
have I.H.P. '^ V« 

Take, for example, the two highest speeds of the Dutch tugboat : 






10-84 knots at 230-58 I.H.P. I I.H.P.j 
11-01 knots at 260-32 I.H.P. | I.H.P.a 



LogVa-fVj = log 11 -01 -log 10-84 = -006 69. 
LogI.H.P.a^I.H.P?i - log 260-32 -log 280-58 =-053 62. 

By dividing -053 62 by -006 69 we obtain n, the index of the 
power of V, according to which the I.H.P. variesi In this case 
n = 8-01. 

Taking the speeds 9*02 and 10-07 knots, n = 4-53. 

In the preparation of the first edition of Steamship Coefficients, 
Speeds and Powers, n was found graphically, by measuring the 
tangent of the angle of slope of the curve, — a laborious process 
compared with the logarithmic method. 




H = aV« 

log H = log a +n log V 



4-283 075 
4-059 639 



/7S9 19-44 

- log Hj 
1= log Hi 






-223 435 9 = log Hg - log Hi 



log(Ha^H,) = 7ilog(V2-Vi) 
log Ha - log Hi = n [log Va - log VJ 

. „ _ logHa-logHi 
• "logVa-logVi 



1-288 696 
1 -240 299 



3 = logVa 
6 = logVi 



n= 



-223 435 9 



-048 396 7 = log Vg - log Vi 

logn= 1-849 153 2 -(2-684 
= -l + -349 153 2-(- 
= -1+-349 1532 + 2- 
= 1+ -849 168 2 --684 
= -664 337 4 



•048 396 7 
log n = log -223 435 9 - log '048 396 7 

815 8) 

-2+ -684 815 8) 
- -684 815 8 

815 8 1-349153 2 

-684 815 8 



,-. n = 



log 4-616 7 
4 •618 7. 



-664 837 4 

1-349 153 2 
or 2-684 816 8 

•664 387 4 
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Definitions. — Entrance and run = that portion of the bow and 
stem respectively which is clear of the perfectly parallel midship 
body. In any given ship, as the draught is reduced, the entrance 
and run become finer. This should be remembered when calcu- 
lating wake values for propeller design. The word form applies 
to the shape of a ship, apart from dimensions and proportions. 

Limiting Economical Speed. 

In a paper read before the Institution of Engineers and Ship- 
builders in Scotland in 1910, Mr P. A. Hillhouse, B.Sc, showed 
an empirical relation between block coefficient, length, and limit 
of economical speed. 
If L = length of ship, 

M = length of parallel middle body, 
E = combined length of curved ends, 
6 = block coefficient, 

m = midship section coefficient, * 

= block coefficient of parallel middle body, 
e = block coefficient of ends, 

— =: prismatic coefficient = p, 
m 

— = prismatic coefficient of ends = p , 
m 

thenE + M = L. 

Supposing the end lengths, E, to be divided into a number of 
uniformly spaced sections, "and any desired increase of block 
coefficient obtained by shrinking up the ends, so that the said 
sections would be closer together, but still of the same shapes and 
uniformly spaced, the parallel body being lengthened to fill up 
the gaps so formed.'' For a series of vessels of block coefficient be- 
tween about '56 and -78, and at speeds proportional to the square 
root of the combined length of the ends, Mr Hillhouse found that 

the Admiralty coefficient was practically constant, and at 

speeds above about '925 ,/E wave-making rapidly increased. 

V- -925;^ 

= •925V[2-663(l-j?)L] 

^ = 1-482^(1^) 
for smooth water trials on measured course 

= -52^^"^. 
'35 
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Values of -— are illustrated in Mr Hillhouse's table below. 

Plate 13 shows average practice under moderate weather con- 
ditions at sea. 

Tablb XIX. 















Sea speeds 
Roughly about 


b. 


m. 


V- 


Percent- 
age M. 


Percent- 
age B. 


Y Smooth 

— » water 
VL trials. 














'91 trial speed. • 


•660 


•918 


•61 





100 


926 


•842 


•582 


•924 


•63 


6^13 


9487 


•897 


•816 


•604 


•929 


•66 


10 ••26 


89-74 


•869 


•790 


•626 


•934 


•67 


16^88 


84-62 


•842 


•767 


•648 


•939 


•69 


20-51 


7949 


•814 


•741 


•670 


•944 


•71 


26-64 


74-36 


•786 


•716 


•692 


•948 


•73 


30-77 


69^23 


•758 


•690 


•714 


•952 


•75 


35 •PO 


64 •lO 


•730 


•665 


•736 


•966 


•77 


41^02 


59-98 


•703 


•640 


•768 


•960 


•79 


46^15 


53-85 


•675 


•614 


•780 


•963 


•81 


61-28 


48-72 


•647 


•589 



Data from Mr John Neill's remarks in the discussion on 
Mr E. Saxton White's paper read before the North- East Coast 
Institution of Engineers and Shipbuilders, session 1911-1912. 







Beam. 


• 


• 

a 
« 

s 
10 000 


Coefficiei] 

M 1 a 

« 1 s 

1 


Its. 

■ 

•926 


Speed in knots. 


Residuary 
horse-power. 


No. 
Length. 


Taylor's 

standard 

tank datn. 


Actual 
tank results. 


1 


405 


54-8 


244 


•648 


•70 


161 


1612 




la 


406 


70-6 


18-9 


10 000 


•648 


•70 


•926 


161 


1676 




2 


449 


55-3 


24-6 


10 000 


•574 


•62 


•926 


21 2 


6 070 




2a 


449 


713 


190 


10 000 


•574 


62 


•926 


212 


6 300 




3 


600 


562 


245 


10 000 


518 


56 


•926 


26^7 


7110 




3a 


500 


71-2 


190 


10 000 


518 


•66 


•926 


267 


8 240 




4 


404 


56-5 


22-8 


10 000 


•684 


•71 


•962 


i685 


1506 


1670 


5 428 


666 


22-5 


10 000 


639 


•61 


•884 


221 


7 210 


7 690 


6 


405 


67-6 


21^26 


10 000 


•600 -618 


•98 


191 


8 230 


2 920 
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The forms la, 2a, and 3a ouij differ from 1, 2, and 3 reepec- 
tiTely in having a differenl ratio of beam to draught. 

The forms 4, 5, and 6 were actual ships which had been built 
and tried. 

Data tvoTa paper b; Mr Erneat Saxton White, B.Sc, read 
before the North-East Coast Institution of Engineen and Ship- 
builders, mwim 1911-1»12. 



P 


1 

I 


fij, 


Si 

% 


l\, 


!! 


r:!',' 


%i 








l«t 






[ J 




10 090 


ss 


374 49-5 


240 


■794 


1(14 


■977] 112 1 2 620 


260 


10 140 


ss. 


420 660 






7HH 


'973 12-64' 3 630 


26S 




T.S.S. 


449 1 56-1 


20-25 


■712 


7HH 


-966 16-0 1 7 290 








428 E5 


■24-2 


■823 


1177 






10 190 


'1- s s 


481 '■ S6'fl 


217 


■80^1 


UR 


■932,!9-9 |14B00 


2« 


10 200 


TRS 


432 , 66 


233 


■637 1 


!i9 


■Bl 


22-1 19 060 


287 


10 090 


Tas 


600 ; 82-2 


233 


■488 ■ 


^hrt 


■M77 


261 |S4 60D 


240 




T.S.S. 


60a ' 80-3 


233 


■50 . 


-iBH 




25-9232 300 


253 


10 020 


T.8,3- 


485 6316 


23-4 


■49 


666 


■a84 


26-7 132 600 


242 



Veeselsof 10 000 tons displacement. DaU from Mr Hinchliffe's 
remarks in the diaoussion on above paper. 



TonwdoT 




















































Wfi-fl 


M-W 
















■teuner 


iUS-6 


M-4 { 23-b 1 13i 




wu-i. 


47-S 


!«-!ia 


■m 
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The following approximate formula, based upon some investiga- 
tions by Hovgaard, may be found useful for roughly determining 
length appropriate to speed, taking account of tne transverse 
bow- waves, 

(Speed in knots)* _ 
— — — — n. 

The denominator given here as 1'8 for average intermediate 
merchant ships seems to vary slightly according? to the angle of 
entrance, — i.e, IS corresponds to a certain mean angle frequently 
found. 

^^^ ^^ Length of ship in feet j^ ^ ^^^j^ ^^^^^^ ^^^ j^^^ .^ 

unsuitable. 

„ Length of ship in feet j^ ^^^ ^.^ ^^ ^.^ ^^ 3.5^ 3.,^ ^.^^ ^^ ^^^ 

or other number representing a hollow between wave-crest of the 
wave system formed by one end of the ship, and crest of any 
transverse wave formed by the other end of the ship, then the 
length is favourable. 

The question of absolute size in relation to speed is difficult. 
In Mr J. J. O'Neill's elaborate and suggestive paper to the 
Institution of Engineers and Shipbuilders in Scotland, 1907-8, 
entitled " The Interrelation of Theory and Practice in Shipbuild- 
ing," curves are given showing, for certain types of large fast 
mail steamers, the effect, upon the limits of economical speed, of 
developing dimensions. This should be read after a study of 
Mr R. E. Fronde's 1 904 paper to the Institution of Naval Architects 
(see p. 75). Research work has only begim on this point in its 
bearing upon ordinary cargo and passenger ships. It is important 
to every snipowner, when laying down a new vessel, to know if 
it is of a length favourable for the intended speed. 

Mr Hillhouse gives the following table for a relation between 
prismatic coefficient and speed-length ratio (trial trip speeds). 



Prismatic 


Speed-length 


Prismatic 


Speed-length 


coefficient. 


ratio. 

1 L 


coefficient. 


ratio. 


•61 


'926 


•78 


•768 


•63 


•897 


•76 


•730 


•66 


'869 


•77 


•703 


•67 


•842 


•79 


•675 


•89 


•814 


•81 


•647 


•71 


•786 
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The following table by Mr HiUhouse shows the value of the 
Admiralty coefficient ( ^— — ) for various lengths of ships on 

trial, assuming propulsive coefficient = *55. 

Table XX. 



Length on 


aIv» 


Length ou 


AiV' 


water-line. 


LHP. 


water-line. 


LH.P. 


100 


137 


500 


307 


160 


188 


550 


310 


200 


227 


600 


312 


250 


255 


650 


315 


300 


275 


700 


317 


350 


289 


750 


319 


400 


297 


800 


321 


450 


803 

• 


850 


323 



Most estimators have their own private curves or tables, 
broadly indicating the relation of block coefficient to speed-length 
ratio, for a given class of vessel. Plates 14, 17, 39 and Table XXI 
illustrate something of ihis kind, and are intended as a rough 
guide for average results in ordinary weather under moderately 
good steaming conditions. Methodical proportioning of vessel, 
with due regard to absolute size and shape of transverse sections, 
may produce results better than those indicated by the curves. 



[Table 
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TABLB XXI. — ^FlNBNESS APFBOFRIATE TO SpBED ON SERVICE XJNDEB 

AvEBAOE Good Conditions. 



Ooefficients. 



T>lAy<V 


Pris- 


1510CK. 


matic. 


•85 


•86 


•82 


•833 


•80 


•814 


•77 


•785 


•76 


•775 


•75 


•767 


•74 


•757 


•72 


•739 


•70 


•721 


•68 


•703 


•67 


•694 


•65 


•677 


•645 


•673 


•63 


•66 


•62 


•651 


•61 


•641 


•60 


•634 


•58 


•615 


•55 


•589 


•53 


•57 


•52 


•561 


•51 


•554 


•50 


•549 


•49 


•543 


•48 


•540 


•47 


•539 


46 


•537 


•45 


•538 


•44 


•540 


•43 


•543 


•42 


•550 


•41 


•565 


40 


•587 



Mid 
area. 



•988 
•985 
•984 
•981 
•980 
•979 
•977 
•975 
•971 
•968 
•966 

•961 
•960 
•955 
•952 
•951 
•947 
•943 
•935 
•930 
•927 
•921 

•912 

•904 

•889 

•873 

•856 5 

•837 

•815 

•793 

•764 

•726 

•682 



V 
Vl. 



•43 

•48 

•513 

•566 

•584 

•60 

•62 

•655 

•692 

•73 

•749 

•79 
•80 
•832 
•856 
•88 
•905 
•957 
104 
1105 
114 
1178 

1217 

1254 

1297 

1342 

1-391 

1-444 

1-498 

1-56 

1-623 

169 

1 -766 



Speed in knots for ships of yarioos lengths. 



60 ft. 


100 ft. 


150 ft. 


200 ft. 


304 


43 


526 


609 


3395 


4^8 


5^88 


6-79 


3625 


513 


629 


725 


40 


566 


694 


8^0 


413 


584 


715 


825 


4245 


60 


735 


8-49 


439 


62 


76 


8^77 


464 


655 


8^02 


9-25 


49 


692 


8^47 


979 


516 


73 


894 


1032 


5-3 


749 


916 


10^59 


5-59 


7^9 


968 


1117 


566 


8-0 


9^8 


1131 


5^88 


8-32 


1019 


11 76 


605 


8-56 


105 


121 


622 


8-8 


1078 


1245 


6-4 


905 


1109 


12^8 


676 


9-57 


1172 


1353 


735 


104 


12-72 


147 


7^8 


1105 


1354 


156 


805 


114 


13-98 


161 


831 


1178 


14-4 


1662 


8^6 


1217 


149 


172 


8^86 


1254 


1537 


1771 


916 


1297 


1588 


1832 


9-5 


13-42 


1643 


190 


9-84 


13-91 


1705 


19-68 


10-21 


1444 


177 


20-4 


10-6 


1498 


1832 


2118 


1104 


156 


191 


2202 


11-48 


1623 


19^88 


2292 


11-96 


169 


20^69 


239 


12-5 


1766 


2161 


2498 



250 ft. 



68 
759 
81 
895 
923 
949 
98 
10^36 
1093 
1153 
1182 

1249 

1265 

1315 

1354 

139 

143 

1512 

16-42 

1745 

180 

186 

19-22 

1981 

2049 

2121 

220 

2281 

2362 

2466 

2565 

267 

27-9 



300 ft. 



745 
831 
8^89 
98 
101 
104 
10-73 
1136 
1199 
1264 
1297 

1369 

13^86 

144 

1483 

1522 

1568 

1658 

180 

1911 

1971 

2039 

2104 

2171 

2242 

2322 

241 

25-0 

25-9 

270 

2811 

29-23 

30-6 
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Table XXI. — Fineness appropriate to Speed on Service under 
Average Good Conditions — contintied. 



Goefficiente. 


V 

Vl. 


Speed in knots for ships of various lengths. 


Block. 


Pris- 
matic. 


Mid 
area. 


360 ft. 


400 ft. 


450 ft. 


500 ft. 


550 ft. 


600 ft. 


•85 


•86 


•988 


•43 


8-04 


8-6 


911 


9-61 


10-09 


10-53 


•82 


•833 


•985 


•48 


8-97 


9-6 


1019 


10-73 


11-28 


11-76 


•80 


•814 


•984 


•513 


959 


10-24 


1088 


1146 


12-01 


1255 


•77 


•785 


•981 


•566 


106 


11-33 


120 


1267 


13-29 


13-88 


•76 


•775 


•980 


•584 


1091 


1168 


12^39 


1304 


13^69 


143 


•76 


•767 


•979 


•60 


1121 


120 


12-72 


13-41 


14^08 


147 


•74 


•757 


•977 


•62 


116 


12-4 


1316 


13-87 


1454 


152 


•72 


•739 


•975 


•655 


1224 


13-1 


13-9 


14-65 


1537 


1605 


•70 


•721 


•971 


•692 


1292 


1382 


1468 


15-47 


1621 


16^93 


•68 


•703 


•968 


•73 


1365 


146 


1549 


16-31 


1712 


17^88 


•67 


•694 


•966 


•749 


140 


1499 


15-89 


16-72 


1756 


1832 


•65 


•677 


•961 


•79 


1478 


15-8 


16-75 


1766 


1851 


1935 


•645 


•673 


•960 


•80 


1497 


160 


1698 


1789 


18-76 


196 


•63 


•66 


•955 


•832 


15-56 


16-61 


1763 


18-6 


195 


20-39 


•62 


•651 


•952 


•856 


16-0 


1712 


1818 


19-16 


201 


21-0 


•61 


•641 


•951 


•88 


16-46 


176 


1867 


19-69 


20-62 


21-56 


•60 


•634 


•947 


•905 


16-91 


181 


192 


20-22 


2121 


22-19 


•58 


•615 


•943 


•957 


179 


1914 


20-3 


21-4 


2242 


23-43 


•55 


•589 


•935 


104 


1944 


20-8 


2207 


23-25 


24-4 


25-48 


•53 


•57 


•930 


1105 


2063 


22-1 


23-41 


24-71 


25-9 


27-08 


•52 


•561 


•927 


114 


2131 


22-8 


24-2 


25-5 


26-75 


27-92 


•51 


•554 


•921 


1178 


220 


23-53 


24-98 


26-32 


27-6 


28-81 


•50 


•549 


•912 


1217 


2275 


24-35 


25^8 


27-2 


28-55 


29-8 


•40 


•543 


•904 


1-254 


23-43 


2506 


26-6 


28-02 


29-4 


30-7 


•48 


•540 


•889 


1-297 


24-23 


2592 


27-49 


29-0 


30-4 


31-76 


•47 


•539 


•873 


1342 


25-1 


2682 


28-5 


30-0 


31-5 


32-9 


46 


•537 


•856 5 


1391 


2602 


2781 


29-55 


31-15 


32-64 


34-1 


•45 


•538 


•837 


1444 


270 


28-88 


30-61 


32-29 


33-85 


35-38 


•44 


•540 


•815 


1-498 


280 


29-96 


31-75 


33-43 


35-09 


36-65 


•43 


•543 


•793 


1-56 


29-2 


31-2 


33-1 


34-88 


36-6 


38-2 


•42 


•550 


•764 


1-623 


30-38 


32-43 


34-4 


36-3 


3806 


39-79 


•41 


•565 


•726 


1-69 


31-6 


33-8 


35-8 


37-8 


39-62 


41-4 


-40 


•587 


•682 


1-766 


33-02 


35-3 


37-43 


.39-5 


41-45 


43-25 
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Table XXI. — Fineness appropriate to Speed on Service under 
Average Good Condittons — corUinued, 



Goeffidents. 


V 
Vl: 


Speed in knots for ships of various lengths. 


Block. 


Pris- 
matic. 


Mid 
area. 


660 ft. 


700 ft. 


750 ft. 


800 ft. 


860 ft. 


900 ft. 


•85 


•86 


•988 


•43 


1096 


1139 


11-78 


1217 


1253 


12-9 


•82 


•833 


•986 


•48 


1222 


127 


1314 


13-59 


140 


14-4 


•80 


•814 


•984 


•513 


1309 


1358 


1403 


14-5 


1492 


15-38 


•77 


•785 


•981 


•666 


1442 


14-98 


155 


16-0 


165 


17-0 


•76 


•775 


•980 


•584 


1489 


15-42 


15-99 


16-5 


170 


17-5 


•75 


•767 


•979 


•60 


15-3 


1588 


16-41 


16-97 


1749 


18-0 


•74 


•757 


•977 


•62 


158 


16^4 


17-0 


17-51 


18-09 


18-6 


•72 


•739 


•975 


•655 


16^7 


1731 


17-92 


18-51 


19-1 


19-65 


•70 


•721 


•971 


•692 


1764 


183 


18-95 


19-58 


20-19 


20^76 


•68 


•703 


•968 


•73 


18-61 


193 


20-0 


20-65 


2129 


2189 


•67 


•694 


•966 


•749 


191 


19^8 


20-5 


21-19 


21-8 


2242 


•66 


•677 


961 


•79 


20^15 


209 


21-61 


22-33 


23-0 


2369 


•646 


•673 


•960 


•80 


204 


2119 


21-9 


22-61 


23-32 


24-0 


•63 


•66 


•956 


•832 


21-2 


220 


22-79 


23-54 


24-23 


24-95 


•62 


•661 


•952 


•856 


21-81 


22^62 


23-42 


24-21 


24-96 


25-69 


•61 


•641 


•951 


•88 


22-41 


2328 


24-11 


24-88 


25-62 


26-4 


•60 


•634 


•947 


•906 


2306 


23-95 


24-79 


25-6 


26-39 


27-16 


•68 


•615 


•943 


•957 


244 


26-31 


26^2 


27-04 


27-88 


28-7 


•66 


•589 


•936 


104 


2651 


27-5 


28-46 


29-4 


30-3 


31-2 


•53 


•57 


•930 


1105 


28-18 


29^2 


30-22 


31-23 


32-21 


3318 


•62 


•661 


•927 


114 


291 


30-19 


31-21 


32-25 


33-21 


342 


•61 


•664 


•921 


M78 


300 


3116 


32-24 


333 


34-3 


353 


•60 


•649 


•912 


1217 


310 


322 


333 


34-4 


35-44 


365 


•49 


•643 


•904 


1264 


31-97 


3319 


34-35 


35-45 


36-64 


376 


•48 


•540 


•889 


b297 


3307 


343 


35-5 


36-65 


37-8 


38^88 


•47 


•639 


•873 


1-342 


3422 


3552 


36-79 


38-0 


39-16 


40-3 


•46 


•637 


•856 5 


1-391 


36-6 


36-81 


38-14 


39-38 


40-6 


4175 


•46 


•538 


•837 


1444 


368 


382 


39-65 


40-85 


42-1 


433 


•44 


•640 


•815 


1498 


38^16 


396 


41 


42-35 


43-6 


44-9 


•43 


•643 


•793 


156 


39-8 


413 


42-68 


441 


46-6 


46^8 


•42 


•550 


•764 


1623 


41-4 


42^95 


44-45 


459 


47-4 


48-65 


41 


•566 


•726 


1-69 


431 


447 


46-3 


47^8 


49-3 


50-6 
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In the Channel steamers '^Normannia'* and "Hantonia*' the 
beam was small (36 ft.), the stability being obtained by filling 
out the water-line aft and lengthening the parallel line of the 
water plane aft to ^et more length, upon which moment of inertia 
could be obtained, in order to produce the same B.M. as a broader 
ship. Instead of having 39-ft. beam as in "Csesarea" and 
"Sarnia," the beam was made 3 ft. less, i.e. "the area was taken 
off amidships and put on the after end of the ship.'* The effect 
upon the resistance of that change was exactly in accord- 
ance with what Dr W. Froude pointed out a generation pre- 
viously, viz. that if the water-line forward is kept no fuller, 
and if the beam is not increased, the water-line may be varied 
with impunity, provided the cross-sectional areas are kept the 
same. Dr W. Froude showed, in fact, broadly speaking, that 
resistance depended on the beam of the ship, the curve of cross* 
sectional areas, and the fineness of the surface water-line forward. 
The designers of the " Normannia " and " Hantonia " choae such 
a water-line with the reduced beam as would give a sufficient 
moment of inertia to produce the same B.M. as a broader ship. 

Experiments made with models in artificial waves at Messrs 
Denny's tank, Dumbarton, indicate that even in full ships 
different forms of the fore body have a marked influence on the 
resistance amongst waves, but from model experiments we can 
only estimate the probable performances of ships of different 
fulnesses. Only experience with ships at sea can show whether 
•77 block coefficient, say, is much more adversely affected by 
rough weather than a finer block. Recent experience has shown 
cargo vessels of '74 to '75 more capable of maintaining regularity 
of service than steamers of fuller block, but the amount of flare and 
the best sections of under- water fore body are still moot points. 

The following is tabulated from information given in an 
article in The Engineer^ Feb. 4, 1916 : — 





Fast liners. 


Full cargo vessels. 


Combined influence 
ofwavesand a fol- 
lowing wind of 60 
knots. 


Causes decrease of speed 
of 3 per cent. 


Causes decrease of speed 
of 11 per cent. 


Strong fair wind 
and a following 
sea. 


Loss of speed or equiva- 
lent coal consumed 
10 per cent. 


Loss of speed or equiva- 
lent coal consiuned 40 
per cent. 
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Fast liuers. 


Full cargo vessels. 


Head wind of 30 
knots with ac- 
companying sea. 


Decrease of speed 2 per 
cent. Increase of power 
6 per cent. 


Decrease of speed 9 per 
• cent. Increase of power 
30 per cent. 


Head wind of 50 
knots (heavy gale) 
with head sea. 


Reduction of speed 25 
per cent. Power 100 
per cent, more than 
for the same speed in 
smooth water. 


Reduction of speed 64 
per cent. Power 300 
per cent, more than 
for the same speed in 
smooth water. 



Both for smooth-water conditions and for rough water, 
especially in full cargo ships, the U-shaped upright forward 
sections and V-shaped sections aft are approved. Rear- Admiral 
Taylor says : " Pitching exaggerates nearly all causes of speed 
loss. If it were possible to devise a vessel which would not 
pitch, she would lose much less speed in rough water than one 
that does pitch." Regarding the features which minimise 
pitching, "tlie preponderance of opinion is probably in favour 
of the U-shaped bow type and rather full-bow water-lines.'' 
(Probably this form is beneficial both in waves and in smooth 
water.) 



CHAPTER VII. 

APPLICATION OF TAYLOR'S CONTOURS FOR 
RESIDUARY RESISTANCE PER TON A. 

Before using these to predict the resistance of a merchant-ship 
type whose dimensions and features of form are known, we must 
apply certain corrections to bring the two into line. 

(1) We must remember that Taylor's standard series has a 
cruiser stern, and that Taylor's leugth is Lw.l. His upper water- 
lines therefore have an advantage over those of the stern of an 
ordinary merchant ship in being carried further aft. Taylor's 
ship must be first considered shortened at the stern, by a propor- 
tion of the length of the immersed counter det.ermined by 
judgment. The ratio of length to beam must be reduced, and 
the block coefficient, prismatic coefficient, and displacement- 
length ratio increased. 

For the same reason, when comparing the results of Mr R. E. 
Fronde's experiments with those of Mr D. W. Taylor, we must 
make a similar correction, remembering that Fronde's length 
is length b.p., while Taylor's length is l.w.l., — though both have 
the cruiser stem. Fronde's vessels therefore have an advantage. 
The opposite is found when we come to Mr Baker's 1913 models 
and Professor Sadler's 1907-1909 types, which are mercantile 
ship forms, where the aft perpendicular is the end of the water- 
line ; therefore, before using Taylor's contours of resistance, fuller 
and shorter forms must be taken than those corresponding to the 
dimensions of the merchant ships in question. In using Fronde's 
results to compare with those of Taylor, Fronde's length {i.e. 
length b.p.) should first be modified by lengthening, i.e, correct- 
ing it to what is more nearly a water-line length. 

In Mr R. E. Fronde's 1904 models, displacement includes 
immersed counter and ram ; length for prismatic and block 
coefficients is measured from midship section to perpendiculars ; 
draught is that at midship section. 

In shortening Type 1 to obtain Type 4, the length of the aft 

99 
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body ^measured to the rudder post was shortened 20 ft., but as 
the water-line overhang was increased, the actual water-line 
shorteningwas less than the nominal 20 ft. 

In Mr Wall's paper to the Liverpool Engineering Society in 
1915, the estimated advantage due to the increased water-line 
length of the cruiser stern as compared with the ordinary type 
of stern, is worked out as giving a channel steamer of 350 ft. 
length b.p., an increased water-line length of 363 ft. 3 ins., and 
a consequent gain of ^ths of a knot in speed (and, with the 
possible reduction of beam, half a knot increase in speed). 

(2) The value of the ratio ^^???- to be used with Taylor's 
^ ^ Draught ^ 

contours must be modified to correspond with his midship 
section coefficient, '926. So long as we keep the (draught x 
midship-section coefficient) constant, we may alter the draught with 
impunity. This follows from Mr Fronde's dictum in his paper 
to the Institution of Naval Architects in 1904, viz. : "We may 
almost say that the resistance of a form is determined solely by 
the curve of cross-section areas, together with the extreme beam and the 
surface water-line of the fore body ; and if these are adhered to, 
the lines may be varied in almost any reasonable way without 
materially increasing or decreasing the resistance at any speed.'* 
That is to say, ships of the same length, beam, area of midship 
section, surface forc'body water-line, and the same curve of cross- 
sectional areas, will have approximately the same resistance at 
any given speed. The prismatic coefficient and the value of 

— J— Tg, taken together, determine the area of midship section. The 

(lOb/ 

, . , Midship area Midship area 

^ Mean depth section Draught x )) coefficient. 
Before comparing results of ships in which =r ~- = 2*26, 

and midship area coefficient = '98, with Taylor's contours (based 
upon his standard midship-area coefficient of '926), the beam- 
draught ratio must be altered to what it would be if the ship in 
question had a midship-section coefficient of '926, the new beam- 
draught ratio being^ = ^ x '^ = 2-129. 

Plate 10 shows profile and part of curve of sectional areas of 
Mr Baker's Set A, 1913. As in Taylor's plans, the stations are 
drawn at intervals of one-twentieth of the ship's length. Measur- 
ing the ordinates of the stern end of the curve, we find that the 



Taylo/s Contours 



lOI 



last station scales *063 of the midsliii) ordinate, and tHe pen- 
ultimate ordinate = '175 of the midsnip ordinate. The corre- 
sponding ordinates of Taylor's standard series, for the pame 
prismatic coefficient, are respectively about -085 and '208 of his 
midship ordinate, showing that, approximately for the same 

Prismatic coefficient, Mr Baker's. stem lines are finer than Mr 
'aylor's. As the shortening and sharpening of Mr Baker's lines 
is probably almost entirely accounted for by the fact that his 
model has about 10 per cent, of parallel body, and that the stem 
lines would perhaps be almost identical witn Mr Taylor's, if Mr 
Baker's, like Mr Taylor's, had no parallel body, there is not likely 
to be much error in comparing the results of Mr Baker's ships of 
a given l.b.p. with Mr Taylor's standard series direct, without 
applying any correction to the length. 

In correcting Mr R. E. Froude's 1904 Series A, for comparison 
with Taylor, the overhang of the stern of the Fronde ship should 
be addea to the length b.p., to obtain the length of ship to which 
Taylor's residuary resistance contours apply, thus : — 

Table XXII. 



Froude 
TypeJio. 



Typel 
2 
3 
4 
5 
6 



Froude's l.b.p. 
in feet. 




Overhang I 
in feet. ' 



„ , , , Froude's length b.p. 

Taylor 8 length. Taylor's length 



13 

15 

15-5 




•966 
959 

• • • 

-954 



-96 



The beam -draught ratio of Mr R. E. Froude's 1904 models, 

'926 
Series A, would similarly be multiplied by -^_^ . 

(3) A third correction to apply to our vessel before applying 
Taylor's contours is that of eliminating the effect of parallel body, 
which is absent in Taylor's standard series. Figs. 126-129, in 
Mr Taylor's book, " The Speed and Power of Ships, vol. ii. Plates," 
give a guide to the direction in which various percentages of 
parallel body influence the resistance for different speed-length 
ratios and prismatic coefficients — sometimes increasing, sometimes 
decreasing, the resistance. Our Plate 11 shows practicable per- 
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"centages'of leVigtK of &Mp Co which parallel body should be given 
for various speed-length ratios. 

Taylor's 1913 models. 500-ft. ship. A = 17 850 tons. Block 
coefficient = '60. Mid -area coefficient = 92. Prismatic = '652 2. 

^ = 142-9. ^ = 2-4. -Xr = -895. 



/J^\3 — H — ^L 

Viooy 

From the deep-water resistance curves we find that 

At 20 knots, E.H.P. = 11 030 

Skin H. P. = 6 050 
Residuary H. P. = 4 980 

Residuary resist- ^ _ Residuary H.P. _ 4 980 __ oi i aa 

ance in lbs. / ~ Spee(nirknotsT^:"^003 07 ~ 20 x -003 07 ~ 

Residuary resistance in lbs. \ __ 81 100 __ 4.55 
per ton of displacement j ~ 17 850 "" 

At 18 knots, X. = '806. 

7150 E.H.P. 
4 500 skin H.P. 



2 650 residuary H.P. 
2*682 lbs. residuary resistance per ton A, 

about 19 per cent, higher than that of Taylor's standard series 
at speed -length-ratio of '806. 
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Application of Taylor's Contottrs for Residuary 
Series A, with Dimensions modified for com- 



( 



A 

100/ 



201 
Prismatic == -564 



116 
Prismatic = '666 



87-7 
Prismatic = -571 



78-4 
Prismatic = '569 



\ ' 



V 



1160 
1-200 
1-164 



1100 
1060 
1-063 



1-060 
1-000 
1014 



1-000 
•960 
•984 



Residuary resistance in lbs. per ton A 
corresponding to values of -^ . 



6-2-1 
Prismatic = -674 ' 



1000 
•960 
•966 



2-260. 



3-760. 



12-2 
20-6 



7-25 
6-75 



16 8 
23-8 



7-8 
6-8 



6-475 
4-40 



6-2 
6126 



4-076 
8-147 



8-960 
3 098 



4-477 
812 



4-875 
8-026 6 



2-785. 



18-62iS 
21-686 
16-796 



7-428 

6-09 

6-488 



6-709 
4-684 
4-986 



4-205 
8-138 
3-863 



4*094 
8-07] 1 
8-194 



iff^ 
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Resistance per ton a to R. E. Froude's Type 4, 
PARING WITH Taylor's Standard Series. 



Working out from Taylor's contours. 



1-200 
1-160 



1-164 
1-150 



21-635 
13-525 



-050 



-014 



8110 



-014 
•050 



X8-11 = 2-27 



13-525 
2-27 

15-795 



1-100 
1-050 

•050 

7-25 
-178 

7-428 



1063 
1050 



-013 



3-750 
2-260 

1-500 



2-735 
2-250 

-485 



•486 
1-50 



Xl-05 = 3-4 



5-75 
•34 

6-09 



•018 
•050 



•*8ix-55 

1-500 



X 1-838 = -348 



= -178 



609 
•848 

6-438 




4-477 
4^075 

•402 

8-147 
3-12 

•027 



•485 
1-500 



•485 
1-500 



X -402 = '13 



X -0*27 = -00873 



^xl-067= -725 
-050 



4-075 
•13 

4-205 

8147 
-00873 

3-13827 

3138 
-725 

3-863 



4-205 
3138 

1-067 

■984 
-950 

•034 



4^875 
3^960 

-415 

3-098 
3-025 5 

-0676 



-Il^X -416 =-134 
1 50 



-485 
1-50 



X -067 6 = -021 9 



-225x1-022 9 = -1229 
-050 



3-960 
•134 

4*094 

3093 
•0219 

3071 1 

3071 1 
-122 9 

8-194 



4-094 
3071 1 

1-022 9 
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Given the progressive trial of a coasting steamer 218x32*8 
x9*72 mean draft at trial. The steamer was intended for a 
draft of about 10 ft. fully loaded. The result is poor, because of 
excessive propeller slip with insufl&cient immersion. 

Revolutions =104 per min. at full speed. Displacement = 1 370 
tons. Block coefficient = -69. Mid -area coefficient = 95. Pris- 
matic coefficient = -727. 







Data. 


Derived results. 


^ 


Knotf. 


t 


H.P. ^H.P. 


Kesidu- 

ary 

H.P. 


Skin H.P. per 


1 


V 


1 000 Wetted 
sq. ft. skin. 


Residuary 

resist- 
ance, lbs. 




232 




From 
Table IX 

7-05 


Calcu- 
lated. 


per ton A. 


•475 


7 


182 


60-5 92-9 


32-4 


7-1 


1-098 


•543 5 


8 


332 


190 


88-5 


133 


44-5 


10-39 


10-4 


1-32 


•611 


9 


493 


18 


1233 


197 


73-7 


14-4 


14-5 


1-95 • 


•679 


10 


720 


172 


166 


•288 


122 


■ • ■ 


19-5 


2-9 


•685 


10-1 


765 


166 


171 


306 


211-5 


• • • 


20-5 


8-18 



The E.H.P. is taken at -42 x I.H.P. throughout, a low propulsive 
efficiency because of the poor immersion and insufficient surface 
of the screw. The skin H.P. is taken from Table IX, based upon 
Tables VII and VIII. 

Skin H.P. = / X wetted surface x -008 070 7 x y^'^ 

f = -009 40 for 218-ft. ship. 

Wetted surface = 8 510. 

Residuary H.P. 



Residuary resistance in lbs. = 



Speed in knots x '003 070 7 



A " similar ship " would be 220 x 33 x 10 ft. Oj in. load draught. 
Mean draught at trial 9 ft. 11 in. Displacement = 1 401 tons. 
Propeller, 4 blades cast iron. D = 9*5. Pitch = 14*25 ft. Ex- 
perimental area = 41 sq. ft. Maximum I.H.P. on trial 810, at 
10151 iknots, 29*9 {per cent, apparent slip. 103 revolutions. 
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1 7 9ft A.f^ 

Cylinders xl60 lbs. W.P. Mean pressure referred 

to L.P. cylinder = 29*7 lbs. per sq. in. 

218-ft. coastiAg steamer reduced to 100-ft model in salt water. 
100 X 1505 X 4-46. 



Using Table XIII, l^ = 10-36. Displacement = 

/2 = 4-752. Wetted surface = f ^ = 1 790. 

4*752 



1370 
10-36 



= 132-2. 











I.H.P. 


Residuary 


Knots. 


Skin H.P. 


Residuary 
H.P. 


E.H.P. 


assuming 
E.H.P.^.50. 


resistance, 
lbs. per ton 








8-03 


I.U.P. 


A. 


476 


4*4 


3-63 


16-06 


1-098 


6-435 


6-4 


5-08 


11-48 


22-96 


1-32 


611 


8-96 


8-08 


17-03 


34-06 


1*95 


e-79 


12-05 


127 


2475 


49-50 


2-9 


6-85 


12-33 


13-83 


26-16 


52-3-2 


3-18 



/ 

Skin H.P. 



Residuary H. P. 

Z8» = 15-28. 



-009 70. 

•009 70 X 1 790 X '003 070 7 x Vass 

•053 4 x V2-83. 

Corresponding residuary H.P. of 218-ft. ship 



Let us see how these residuary resistances per ton of displace- 
ment agree with the values obtained from Taylor's contours. 



We have 



Beam _ B _ 32;8 
Draft ~ H ~ 972 



= 3-375. 



Vioo 



) 



= 132-2. Mid. 



area coefficient = -95. Prismatic coefficient = -727. The new 

3-29. 



^ratio = ^ = ^xl^ = 3.375x-^ 
Draft Hi H 95 -95 
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From Taylor's contours we obtain the following :- - 



V 


Lbs. residuary resistance per ton A. 


Vl 


^ = 2-25. 
H 


1.3.75. 


•60 
•65 
•70 


•797 
1 075 6 
1-5314 


1214 7 
1-763 3 

2188 



By 


interpolation and extrapolation we deduce the following :— 




V 


^ - 2-25. 


1 = 3-75. ^ = 3.29. 




x/L 


H" 


H H 




•475 


•91 


•91 


•91 




•543 5 


•945 


1-00 


•986 




•611 


•995 


130 


1-20 




•679 


1-276 


2-03 


r81 




•685 


1-35 


2-08 


1-86 



Our Plate 11 shows 23 per cent, of parallel body to be usual for 
this vessel at full speed. Taylor's figs. 125 and 126 show 24 per 
cent, for minimum residuary resistance, and that either 34 per cent, 
or 13 per cent, parallel body gives residuary resistance 10 per cent, 
above the minimum. Taylor's fig. 128 shows that the average 
residuary resistance per ton of displacement for the speed and 
parallel body referred to is about 1*6 lb. 

Our progressive trial results show that the residuary resistance 
of this vessel (about double Taylor's value) is evidently consider- 
ably augmented by something which we may ascribe to wind, 
appendages, and very poor propeller efficiency. 

If the trials were run on a rough day, the loss of speed would 
be about 10 per cent., and the increase of power perhaps 30 per 
cent. Although the propeller pitch ratio is high, a better result 
would probably have been obtained if a still smaller diameter 
had been given, a higher pitch ratio, and more blade area. On 
an even keel at the draught stated, the propeller was not wholly 
immersed. 
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The Influence of "Form" upon^Resistance. 

Note Mr W. Froude's dictum from Biles, I.N.A., 1912, 
" Hantonia." 

In Naval- Constructor D. W. Taylor's paper entitled "Some 
Model Basin Investigations of the Influence of Form of Ships 
upon their Resistance," read before the American Society of Naval 
Architects and Marine Engineers in 1911, results were given from 
the series of models in which the midship section was common 
throughout, the form of the ends being varied. With each series 
four difierent curves of sectional areas were used, and four different 
water-lines. Each curve of sectional area combined with each 
water-line resulted in sixteen models for each series. The models 
were made in halves, so that each bow could be combined with 
each stern, making in all 256 possible combinations for each series, 
— not all experimented upon, though a great many were tried in the 
tank. Mr Taylor's curves show that the effect on the resistance 
of considerable variations of form of the models in each series is 
not great with these vessels, the block coefficient being -563 and 
•600. The following tables give some of the results up to a speed- 
length ratio = 1*12, beyond which it is not likely that vessels of 
these forms would be driven in actual practice, though Mr Taylor's 
curves are carried to higher speeds. 



Taylor s Contours 



III 



Mr Taylor's Series No. 29. 20-ft. models in fresh water. 
Beam = 2795 ft. Draught = I'llS ft. 35 TTTv ^ l^^'^^- 

\iooy 

A = 2 250 lbs. Mid - area coefficient = '960. Prismatic co- 
efficient = -600. Block coefficient = -563. ^^^^ ^ 2*5. 

Draught 

■^|5S^ = 7-15. Beam 13-98 per cent, of length. 
Beam 

In Mr R. E. Froude's notation, M = 605, B = -845, D = -338. 















Fine-ended sectional 
area combined with 
full-ended water-line. 


Full-ended sectional 

area combined with 

flne-ended water-line. 




Froude's " skin 

constant "S= 6-48. 

Wetted surface = 70*7 . 


Froude's " skin 
constant" S= 6*605. 
Wetted surface = 71. 




Model No. 1107. 


Model No. 1092. 


Speed in 
knots. 


© 


> 


■'^ 


J3D 

s 


'1 


^1 • 

^ W OB 

in 

2-6 


a 


) I 

CO 




0) 

00 ^ 


© 

... 





20 


1161 


•448 


-473 


1139 


•8( 


3 -845 


2-85 


•85 


2-5 


V454 


•56 


-591 


1093 


4-1 


•8( 


33 -812 


4-4 


■ • • 


•816 


2-76 


1-599 


•616 


•65 


1079 


5-1 


-8} 


19 -801 


6-3 


... 


-805 


30 


1744 


•672 


-71 


1061 


6-3 




. 789 


6-3 


• ■ ■ 


•792 


3-25 


1-89 


•728 


769 


1046 


7-5 




. 776 


7-5 


• • t 


•78 


3-5 


2032 


•784 


•827 


1033 


8-95 




. 767 


8-95 


• • • 


•771 


3-76 


218 


•84 


-886 


1-021 


10-5 




. 759 


10-5 


• • • 


•762 


40 


2-328 


•895 


•945 


1011 


12-65 




. -751 


12-65 


• • . 


-755 


4-25 


2-47 


•952 


1005 


■999 


16-2 




. -742 


156 


• • • 


•745 


4-6 


262 


1008 


1065 


-989 


20 '05 




. ' 735 


177 


« • ■ 


-738 6 


475 


2-76 


1063 


1122 


-978 6 


22-8 




. -7-26 


19-9 


• « • 


•73 


50 


2-908 


112 


1182 


•971 


257 




. 1721 


23-7 


• • • 


•725 


© = i 


r 


X 232 5 


= 1-354^. 




Them 
ends, 
of th 
type, 
speed 

^ 


odel with these 
the bow being 
e U or bulbous 
is the worst at 
8 below 


717^2 


-L- = -895, 








aud the best for speeds 








.}L = -895 to 1-12. 
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Mr Taylor's Series No. 32. 20-ft. models in fresh water. 
Beam = 2-708 ft. Draught = 1-083 ft. 357-J7T3 = 129-16. 

VIOO/ 
Midship-area coefficient = -960. A = 2 250 lbs. Prismatic co- 
efficient = -640. Block coefficient = -600. ^^^°? = 2-5. 



Length ^ ^.^^^ ^^^^ y^,^^ ^^^ ^^ length. 
Beam 



Draught 





Fine-ended sectional 


Full-ended sectional 




area combined with 


area combined with 




full-ended water-line. 


fine-ended water-line. 




Fronde's " skin 


Froude's " skin 




constant "S =6*43. 


constant" 8=6-66. 




Wetted surface =70-1. 


Wetted surface = 72-5. 




Model So. 1206. 


Model No. 1191. 


a 






JtD 


. 



— 2 . 


12" 


10 
2 . 




Speed i 
knots. 


© 


> 


• 


4> 

r 


10 

rH 
1-^ 


2: 


© 


'1 
Hi 




00 _ 

2-9 


•0 


'1 

i 


20 


1161 


'448 


•473 


1139 


2-9 


... 1 


•839 




-869 


2-6 


1-454 


•56 


■691 


1093 


4-4 




1 


•806 


4-4 




•834 


275 


1-599 


•616 


•65 


1079 


5-35 






•795 


535 




•823 


30 


1-744 


•672 


•71 


1061 


6-3 






•783 


64 


. . . • 


•81 


3-25 


1-89 


•728 


-769 


1046 


7-55 






•771 


7-7 


... -798 


3-5 


2032 


•784 


•827 


1-033 


9-0 






•762 


925 




•789 


3-75 


2-18 


•84 


•886 


1021 


10-65 






•758 


110 




-779 


40 


2-328 


•895 


•945 


1011 


130 






•745 


130 




•772 


4-26 


2-47 


•952 


1005 


•999 


17-3 






•736 


16-4 




761 


4-5 


2-62 


1008 


1-065 


.989 


23-5 






•729 


20-6 




•754 


4-75 


2-76 


1063 


1122 


•978 6 


27-65 






•721 


2365 




746 


50 


2-908 


112 


1182 


•971 


31*2 




1 

i 


•716 


268 




•740 5 






The model with these 
ends, the bow being 
of the U or bulbous 
type, is the worst at 
speeds below 


© = 1717^^'^^'' = 


=i-36*;- 


and the best for speed 
y = -896 to 1-12. 






^/L 
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iili 






i 


> 


1 

i 


Round. "In other 
words, easy bottooks 
at each end rather 
than full below and 
fine above" (Prof. 
Sadler). 


Hollow forward end ; 
rounder aft. Hol- 
lowness of water-line 
forward confined to 
about 16% of ship's 
length from bow. 


i 


s 1 


■s 

1 


1 

13 


Hollow forward end "with 
a eiven eet of dinendong 

parallel body forward, 
with a fine bow, bat 
more gradual diminution 
aft" (Sadler). 


1 

! 
f 


1 


at 

11 

■s 

1 


to 
Minimum resistance with 81% ;\ 
3% greater resiatance with 44%. / 


3% greater with 40%, / 

Minimum resistance with 10% 1 
parallel body ; 3% greater with 
18%. About sii- tenths of 
parallel mid body in fore body. ) 


2| 

i 


1 

1 


11^^ 


£ 2 £ 


S 2 S 


Ss^ 


z^v. 


li 


g SS 


n s g 


sss 


S23 
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Mr Taylor's conclusions are that, on the whole, the curve of 
sectional areas at the stern may be varied considerably without 
materially affecting the resistance, and that they also bear out 
the truth of Mr W. Fronde's dictum laid down forty years ago, 
viz. that, broadly speaking, the U bow and the V stern were 
favourable for propulsion, the U transverse section being the 
equivalent of a fine water-line, and the V transverse section, full 
on the water-line, the equivalent of fine-ended curve of sectional 
area. Mr Taylor's experiments with these models seem to show 

that for speed-length ratios (-7^ ) above '95 the fine water-line 

aft is best for easy propulsion. 

These vessels were intended for a speed not much above that 
corresponding to 4 knots for the 20-ft. model. Up to that speed, 
the differences of resistance accompanying radical variations of 
form were not great. At speeds higher ttian the critical speed, 
viz. a little above 4 knots of the 20-ft. model, the results with 
the different forms change considerably. 

Prismatic coefficient snould be fine for speeds up to about the 
square root of the length, as low as '50 even. As the speed is 
increased the best prismatic coefficient rises, until, when a speed 
of twice the square root of the length is reached, a speed which 
is attained by only special vessels, where the most favourable pris- 
matic coefficient is more in the region of '64. 

Low prismatic coefficient usually means full midship section, 
with which hollow water-lines seem necessary, and up to speeds 
in knots equal to the square root of the length, hollow water-lines 
are better than straight lines. 

Fineness appropriate to Speed. 

The recent exhaustive investigations by Mr R. E. Froude, 
Mr G. S. Baker, Naval-Constructor D. W. Taylor, and Pro- 
fessor Sadler, on the effect of variations in the lines, with 
constant displacement and dimensions, alterations of the ratio 

Length entrance ^^^ ^^^^^ modifications of the longitudinal 

Length run 
distribution of displacement affecting the exact sharpness or 
shape of one or both ends of the ship, clearly show the importance 
of longitudinal or prismatic coefficient, though the latter must 
not be taken as varying directly with resistance for given speed- 
length ratio. I n many cases the importance of prismatic coefficient 
is secondary, though there is distinctly a suitable prismatic co- 
efficient for each speed required. Tliat it is quite peculiar to 



Fineness appropriate to Speed 115 

the type of vessel under consideration is summarised in The 

Engineer, 24th April and 10th July 1914, referring to Mr Taylor's 

conclusions: For speed-length ratio up to 1*1 the best longitudinal 

coefficient is from '5 to '55 ; above this point the coefficient rapidly 

V 
increases, reaching about -65 at -^^=1*5, i.e. approaching 

destroyer speeds, — and a little greater at higher speeds. Taking 
Mr Taylor's 400-ft. ships, in pairs of equal displacement, the only 
difference between the two of each pair being in the midship area 
and longitudinal coefficient, "at 21 knots. No. 10 model, with '64 
longitudinal coefficient, had 2*3 times the residuary resi!>tance of 
its mate. No. 9, which had '66 longitudinal coefficient ; but when 
the speed was increased to 24 J knots, their residuary resistances 
were e(][ual. With another pair, No. 4, of '64 prismatic coefficient, 
the resistance ait 21 knots was nearly twice that of No. 3, having 
•56 coefficient ; but at 25j knots they also coincided, while at still 
higher speed the model with the fuller prismatic coefficient had 
actually the lesser resistance." 

Mr Taylor's explanation is that at low speeds a large proportion 
of the wave-making is done at the extreme ends of the vessel, 
hence the great benefit of fine ends ; but at high speeds the wave 
is long, and the whole body of the ship takes part in wave-making, 
the smaller midship section then giving the least resistance. 
This form is not entirely favoured by shipowners because of its 
behaviour under sea conditions, and in any case the residuary 
resistance is only about 20 per cent, of the total, so that even a 
large saving is a small percentage of the total. The gains in 
economy are theoretical, and do not take account of the earning 
power. 

In experiments made by Mr W. Froude and others to ascertain 
the effect, on the total resistance, of adding middle body, models 
were used representing a series of ships of identical cross-section 
and identical form of ends. The only difference consisted in the 
length of parallel body, of uniform transverse section, inserted 
amidships. Mr W. Froude's ships* were 38*4 ft. beam ; 14'4 ft. 
draught ; length of fore body 80 ft. ; length of after body 80 ft. ; 
parallel mid body to 340 ft. ; total length 160 ft. to 500 ft. 
Up to 60 ft. middle body the amount was decreased by 10 ft. for 
each experiment, and over 60 ft. it was decreased successively by 
20 ft., by cutting them amidships and rejoining the ends. Curves 
of resistance in tons were plotted to a base of speed in knots. 
Adding middle body increased displacement, and at low speeds 

"* Transactions fnst. Naval Architects, 1877. 
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increased the resistance by tlie same amount, but as the speed 
was increased the shorter ships showed greater resistance in 
many cases. Thus at 14 knots the 280-ft. ship showed less 
resistance than either the 200-ft. ship or the 240-ft. ship. At 
14J knots the 360-ft. ship showed almost no more resistance than 
the 200-ft. ship of 2 275 tons less displacement. Mr R. E. Fronde 
afterwards pointed out that the formation of the stern waves was 
to some extent arrested by the residue of the bow waves, and this 
was the cause of the humps and hollows. 

Critical Speeds. 

The speed at which the residuary resistance first rapidly begins 
to increase depends principally upon the wave- making features 
of the vessel. For general purposes it may be considered as pro- 
portional to the speed of a wave of length equal to that of the 
ship. Taking V in knots and length L in feet, we have 

where C is a constant. 

M. Normand's formulae for maximum normal speed are as 
follows : — 

y (101m -5)L 

~ l*01v/BHx7/i3 
or 

V _ l-39(l-01m-6)L 

\/BHxm* 

where B = beam of ship in feet, 
H = draught in leet, 
L = length in feet, 
h = block coefficient, 
m = midship section coefficient. 

At or about this speed the Expanded are a ^^ ^^^ prop.eller or 

Disc area 
propellers is given by M. Normand as 

I - Jxl-H.P. 

where r is the area ratio, 

J a constant = 6 to 8, 
n — number of propellerg, 
D = diameter in feet, 
V = speed in knots. 
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As immersion is greater and conditions favourable, J is 
less As* immersion is less and conditions unfavourable, J is 
gre ater. 

The following particulars are taken from Mr R. E. Fronde's 
1898 paper to the I.N.A., on the effect of direction of turning in 
twin-screws. 

Table XXV. 







j 


Prismatic 








j 


coefficieut. 


Approx. 


Ship. 


Length 


m__„ Dimensions of 
^'P®- 100.ft. model. 






speed 


Breadth 






V 








Fore 


After 


VL 






I 


body. 
■638 


body. 


1 


6-2 ) 


! 


r 100 X 19-25 X 706 


737 


•92 


2 


5-26 - 


Battleships 


- 100x19 X6-67 


-600 


•684 


•92 


S 


5-26 I 




U00xl9 X6-66 


•618 
•577 


-678 
•587 




4 


5-63 >| 


n00xl7-8 X6-56 


103 


5 


5-63 


1 


100x17-8 X6-56 


■561 


573 


103 


6 


5-6S 




100x17-8 x6o6 


■561 


•573 


103 


7 


715 




100x14 x5'27 


-568 


•628 


110 


8 


7-8 




100x12-83x4-68 


•640 


•704 


■80 


9 


7-69 

1 


Cruisers 


100x13 02x4-63 

, Lines approaching 
Allan tic liner type. 


-613 


•683 


90 














10 


7-69 




100x13 02x4-63 


593 


•668 


•90 


11 


6-32 




100 X 15-83 X 5-79 


500 


•593 


•95 


12 


6-28 




100x15-94x5-65 


•567 


•622 




13 


8-33 




100x12 02x4-5 


•533 


•6-20 


1-05 


14 


; 8-24 




100 X 1218 X 4-5 


•569 


•696 


103 


15 


' 7-63; 




1 100x1311x5-5 


631 


•607 


100 








Thornycroft pattern 










of stem. 








16 


1 5*55 


Extreme light draft 


100x1807x416 


•577 
573 


•624 
•540 




17 


i 10-8 \ 


£ (Thornycroft) 


[ 100 X 9-26x2 72 


1-92 


18 


10-72 




100 X 9 33x2-84 


531 


•681 


191 


19 


9-99 


1 (Laird) 


\ 100x1013x2-78 


•535 


•605 




20 


100 


CO 




100x100 x2 66 


•505 


•544 


1-93 


21 


10-5 J 


(Palmer) 

• 


UOOx 9-54x2-69 


695 


•613 


200 
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The humps and hollows on the resistance curves of similar ships 
occur at similar speeds. In a general way it has been recogni&ed 
since about 1880 that the deeper the draught the higher are the 
speeds at which the humps and hollows appear. Mr R. E. Froude, 
in his 1881 paper, gave the hump speeas and the hollow speeds 
for a series of snips. Taking them as 100-ft. models, we have — 

Hump speeds, 6*05, 6*85, 8*1, 10*45, and 18 knots. 
Hollow speeds, 6*4, 7*4, 9*05, and 12*8 knots. 

In the resistance or horse-power curves of very fine vessels the 
humps and hollows are not so pronounced as in those of fuller 
vessels. On the other hand, long parallel body and fine ends are 
frequently associated with humpy resistance curves. 

As the skin f rictional part of the resistance varies uniformly 
according to the expression /.S.V", it is only the residuary 
resistance curve that is humpy. The humpiness of the I.H.P. 
or E.H.P. curve partakes of the sinuous character of the curve 
of residuary resistance, after the latter has been separated from 
the skin f rictional element of the total resistance. So far as the 
I.H.P. curve is concerned, the appropriate limit of speed, or 
" limiting economical speed," has frequently been considered to 
be the speed at which the I.H.P. is varying as about the fourth 

Sower of the speed. This point may be found by trial, by 
rawing tangents to the speed-power ^urve, or by the logarithmic 
method given on p. 88. At higher speeds the I. H. P. may vary 
as the seventh or eighth or a still higher power of the speed. 
In our progressive trials the limiting economical speed is in some 
cases marked by an arrow, a survival from our first edition, in 
which an attempt was made to name the limiting economical 
speeds in nearly all cases. In a paper read before the Institution 
of Naval Architects in 1901, Sir E. Tennyson D'Eyncourt pointed 
out that, usually about 12 per cent, above the limiting economical 
speed, the I.H.P. varied as the seventh power of the speed, 
whilst the wave horse-power varied as V^ at the limiting speed, 
and as V^°, or sometimes as a higher power of V, at about 12 per 
cent, above the limiting economical speed, giving percentage 
ratios of skin horse-power and wave horse-power for these speeas 
for average vessels of considerable beam but having fine entrance 
and run and full midship section. 

Colonel Rota, in his researches at the Italian experimental 
tank, showed some effects of modifying one dimension at a time, 
length, and breadth and draught successively, keeping one speed. 
Increase of length, up to a certain point, was shown to reduce 
the wave-making, though it increased the skin friction. Various 
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displacements secured equal speeds with equal powers. After 
developing the dimensions np to 6 000 tons for a ship of 18 to 22 
knots speed, sometimes a reduction of length, though it reduced 
the displacement, required an increase of power for a given speed. 
Some of the effects upon wave-making resistance of variations 
in the longitudinal distrihution of displacement have been ably 
expounded by Professor Sadler and Mr D. W. Taylor, and are 
dealt with on pp. 111-114. The shipowner usually requires a 
vessel of a certain length, displacement, and speed to fulfil the 
conditions of the service, and, according to Mr K. E. Froude's 
dictum, the resistance at that speed is almost solely determined 
by' the shape of the curve of cross-section areas, including 
prismatic coefficient, by the extreme beam, and by the water-line, 
particularly of the fore body. Mr Taylor and Professor Sadler 
nave shown how varying the shape oi the lines of the entrance 
and run, and giving various percentages of parallel body, affect 
the residuary resistances for appropriate speeds. Mr G. S. Baker, 
at the National Physical Laboratory experiment tank, has 
shown how wave-making effects vary directly as the length and 
prismatic coefficient by a new law indicating the manner in which 
resistance due to transverse wave-making varies with length, 
speed, and prismatic coefficient, and has deduced a methoa of 
determining economic length of parallel body (p. 124). 

Angles op Entrance and Run. 

When making comparisons with a view to determining the 
necessary "sharpness of the ends of a ship, it is convenient 
to have a formula for the angles of entrance and run. M. 

Normand stated that the first factor, viz. _?5 — ~ — of his 

formula referred to later, was inversely proportional to the tangent 
of the angles of the longitudinal stream lines. '^ A list of the 
values of this first factor is given below for a few known ships. 
(See other table for their dimensions.) 

Another formula, based, however, on Kirk's analysis only, is 
the following, given by Mr W. Hok in the discussion on his valu- 
able paper to tne North- East Coast Institution of Engineers and 
Shipbuilders in 1893. 

tane= A-xl . 
l-<t> 2L 

* There is scope for investiiration of this relation. Want of space prevents our 
attempting it here, but any reader would And it worth his while to make the 
necessary comparison with the lines. 
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Where + = coefficient of midship section ; <^ «= prismatic coefficient 
of displacement ; B = breadth of ship ; L ~ length of ship ; and 
9 y. \ mean angle of entrance and run. 

This is a useful formula, but it must be remembered that the 
angle found is not the angle of the ends of the ship at the water- 
line, but the angle for Kirk's block model, approximately the 
mean angle. 

In the following list the results of the two formulae are placed 
side by side : — 



Ship. 




Hok's formula based on 
Kirk's model. 


Normand's 
first . 




tan0. 


Degrees. 


factor. 


Normannia . 

Iris .... 

S.S. passenger steamer . 

Hammonia . 

York town . 

Chicago 

Cerara .... 

Cincinnati . 

184 -ton yacht 

Lepanto 

T S.S. 1906 . 

P . . . . 

Bayern 


< 
• 


144 3 

151 8 

1521 

•157 

■162 7 

166 

•182 

190 5 

•195 

201 

239 3 

265 

•262 

363 


8-2 
8-633 
8-65 
892 
9-25 
9-433 
10-317 
10784 
11-033 
11-38 
13-467 
14-3 
14-685 
19-95 


13-75 
10-43 
13-17 
11-83 
121 
10-4 
10-51 
10-7 
11-44 
9-45 
8-35 
12-5 
10-75 
9-36 



The first formula is not so useful as the second when drawing 
the lines, but it shows at once which boats are easy to drive. 



Normand's Normal Speed. 

In a paper read before the Institution of Naval Architects in 
1888, " On the Fineness of Vessels in Relation to Size and Speed," 
M. Normand defined the " normal speed " as^ the speed which can 
be obta,iiied without any undue waste of power, and said that 
this speed increases for a given size with the fineness of the longi- 
tudinal stream lines. It also increases with the size for a given 
fineness. 
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The following is the formula given by Normand in 1870, quoted 
again in his 1888 paper, and proved :— 

U = normal maximum speed ; 
L = length of vessel on load line ; 
S = area of immersed section ; 
W = displacement ; 

M. Normand states that the second factor, Si, is proportional to 
the square root of the linear dimensions of the immersed midship 
section ; and he remarks that, in applying the formula to different 
types of vessels, it will be seen that the coefficient a increases with 
the draught, e.g. a " normal speed " greater than that indicated by 
the formula may be had from an ironclad of 28 ft. draught. 

It may be instructive to compare this "normal speed" with 
our "limiting economical speea'* by finding the value of the 
coefficient a for some examples from our list of vessels tried 
pr^ressively. 

To simplify the arithmetic, we shall consider only the 100-ft. 
model in each case. 

S^ means the square root of the cube of S, or the cube of the 
square root of S ; and 

Si means the fourth root of S, or the square root of the square 
root of S. 



Name. 



Kormannia . 

M . 

Hammonia . 
Passenger S.S. 
Cincinnati 

V . 

Geram . 



46-9 

51 

60-5 

63-3 

67-6 

76-4 

77-6 



s?. 


si. 


321-2 


2-62 


364-2 


2-672 2 


470-9 


2-79 


5036 


2-82 


555-8 


2-87 


6679 


2-96 


683-6 


2-97 



Chicago 
I ris 

Yorktown 
184 -ton yacht 
Bayem 
Lepaoto 



80 

82 

82-6 

99-4 
100-7 
127 



715-5 
742-6 
750-6 
991-1 

1 010-3 

1433 



2-99 

301 

3016 

816 

3-17 

3-355 
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Noi^nd's" 

form u In) wblCh 
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Hi 


SpeeJ It Hliicb 
f.H.P. viriee 


j|jjj,?||j9jt.|| 


Frliniatli: 


SssEKsliisiils 


i=l 






EUDtL 




1 






^.Kat. 


718 
126 
67 
573 
682 
609 
594 
551 
582 
435 
59 
613 
488 
613 


3 






M*aii DraJt. 


S«SS = ?3SS2S3SoS 


j 


Betm. 


is;;!sils".s!:i 


li- 


Length. 


§SS||£8||§gg§| 




■"■■S""- 


slsis^spssl^l 


lt 


1 




1 

111 
1 


T.S.8. 1906 . 
Cinciansti 

P .... 

M .... 

Bayern .... 
Hammonia III. . . 
Single-screw passenger stcMnsr 
Chicago .... 

184-toii T.S. yacht . 
Lepanto ... - 
Ceram .... 

Yorttown' 
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Absolute size in relation to speed. — Mr Hillhouse's table of 
for trial trip conditions for given L.W.L., and our 



I.H.P. 



Plate 39 showing appropriate values of for ships of various 

lengths on voyage, are for ships whose length is favourable for 
the intended speed. For the fulfilment of the owners' require- 
ments regarding speed and carrying capacity, tank experiments 
may point to one size of ship and the o\vners' experience to 
another. The length, beam, and draught of ship are usually 
prescribed by the owners, who require a certain carrying capacity, 
which means a certain coefl&cient of fineness, and the speed for 
the particular trade may or may not be the optimum for that 
prismatic coefficient from the point of view of the experimenter. 
When a tank expert is consulted he is not always given the 
opportunity of deciding the principal dimensions of the proposed 
new ship. In many cases he is only asked to experiment with 
one or two models to adjust the prismatic coefficient and the 
longitudinal distribution of displacement to a limiting speed 
which will lead to efficient propulsion. Mr Baker has, in his 

papers,* shown how, by the use of the (T) value, the relation 

between length, speed, and .prismatic coefficient can be arrived at. 

The (T) values correspond to hollows in the resistance curve. 

When the length, speed, displacement, and midship section 
are fixed, the experimenter can do little except try different 
lengths of entrance and run and parallel body. If, after the 

ship is built and put in commission, A^ turns out to be 230 

I.H.P. 

when it might have been 280, if the coal per I.H.P. hour is 
as low as possible, it might be that a different size of ship 
could be propelled more economically at the given speed. 
Methodical experiments in rough water and wind can show the 
direction modifications should take, and possibly speeds could 
be decided upon suitable for the proportions, while an adjustment 
of suitable coefficients of fineness and corresponding limiting 
speed would produce greater efficiency. By the use of Mr Baker's 
(p) values, the theoretical limiting speed can be estimated. 
The following is an example of the use of the "constant" 

* Transcietions Inst. Naval ArchitectSy 1913, G. S. Baker on "Methodical Experi- 
ments with Mercantile Ship Forms"; and 1915, J.L. Kent on "Further Model 
Experiments on the Resistance of Mercantile Ship Forms : The Influence of 
Length and Prismatic Coefficient upon the Resistance of Ships." 
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system of notation used by Mr R. E. Fronde and Mr G. S. 
fiaker. 

Eocample. — Let us suppose that we are beginning to design a 
single-screw cargo steamer 340 x 46'6 ft. x 23 ft. 4 in. mean 
draught fully loaded. Block coeflScient = '*i6. 8 000 tons dis- 

A 
placement. TTTTs" 203*8. 

VIOO/ 

*7fJ 
If midship section coefficient = '975, then .q=— = '78 = pris- 

matic coefficient. 

The vessel is required to maintain a speed of not less than 
10 knots when fully loaded to 23 33 ft. draught, and 10 J knots 
when partly loadea, say, to 19 ft. 6 in. mean draught, about 
6 670 tons displacement. First let us see if these are theoretical 
speeds for the form proposed. Hump speeds should be avoided, 
and speeds should be chosen which lie rather in the hollows of 
the resistance curve, speeds at which a rise in the resistance is 
just beginning. From Mr G. S. Baker's papers we find that the 
critical speed of any ship is given by the expression 



V = 1-34 



^t 



xL 



n 



where n is the number of wave crests between the bow and stern 
systems of waves, P = prismatic coefficient, L = length of ship in 
feet, and V = speed of ship in knots. 



V = 1-34 ^78x340^ 10. 9_ 



V = 1-34 ^-liiili^ 976. 



10*9 knots and 9*76 knots are two economical speeds for this 
vessel. 

The propulsive coefficient would in all probability be '47 
at least against calm air only. '44 is commoner with direct 
turbines, where the propeller efficiency is low, but in a single- 
screw cargo steamer with reciprocating steam engines we might 
take '47. 

A vessel of finer block would perhaps be less adversely affected 
by rough water, and might maintain greater regularity of service. 
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but for many trades the difference in carrying capacity with '76 
compared with '75 is deemed to outweigh this disadvantage. 

With ^75 the critical speeds on a smooth- water basis would, of 
course, be different from those given for '76. Theoretically they 
would be lower until a different value of w, the number of wave 
crests intervening between the bow and stern wave systems, 
caused V to take a sudden jump, in accordance with Mr G. S. 
Baker's expression 

^ n 
For every ship the values of the constant denoted by the 
symbol (p) may be found, denoting the positions of the humps 
and hollows on the resistance curve. 



= 



X -746. 



10-9 



V78x340 
9-76 



= -50, 



= -447. 



v/PxL 
For our vessel, at 10 '9 knots, 

(p) = -746 X 

and at 9*75 knots, 

(T) = -746 X 

^^ ^-78x340 

As our ship has a form somewhere between Mr Baker's (1913) 

ship D and ship E, we may use his (o) curves plotted upon a 

base of Q (Plate 38). The form is a little nearer D than E, 

say f ths from D and |ths from E, roughly, and the parallel body 
about 35 J per cent, oi the ship's length. The range of the ratio 
'Length of entrance _ .g f |.gg 



Length of run 










Block. 

•739 6 

•805 

•76 


Coefficients. 






Prismatic. , 

•756 1 

•82 

•78 


Mid area. 


SetD 
Stt E 
Our ship . 


•98 
•98 
•975 
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V Economical 
-r=- I speeds 
\ ^ , in knots. 



529 9-76 



© 



corrected 

for 

340-ft. ' 
ship. p ^ -44. 



I.fl.P. 



p = -46.p='48. 



•447 -825 6 228 I 238 248 



■591 10 9 



50 I -840 5 223 234 | 244 



p = -50. 



258 



254 



(Taking 

propulsive 

coefficient = '44.) 

Valnes of 

I.H.P. 



1 630 @ 23' 4" 
draught. 

1 440 @ 19' 6" 
draught. 



2 340 @ 23' 4" 
draught. 

2 050 @ 23' 4" 
draught. 



AVliere p = propulsive coefficieut = 



E. H. P. 
I.H.P. 



Since 



E.H.P. 



© = ^, 



If p = -50, 



If p = -46, 



I.H.P. 
I.H.P. 



.4271. 
213-5 

^' 

196-5 

©■ 



If p = -44, 



If p = -48, 



fHlT 

a'V» 



If I.H.P. = 1 900, we may take engines 



I.H.P. 
24 in.-40 in.-67 in. 



188 

©■ 

205 

©■ 



45 in. 



X 180 lbs. W. P. 70 revolutions per min. Ep„» = 33 lbs. per 
square inch. 

(Ep,n is a convenient symbol for emiivalent mean pressure in 
lbs. per square inch referred to the L.P. cylinder, used in Seaton 
and Kounthwaite's Pocket- Book of Marine Engineering Rules and 
Tables. ) 

With natural draught boilers, three S.E.B. each with three 
corrugated furnaces give 187 6 sq. ft. of grate, which will pro- 
vide 1 900 I.H.P. at sea comfortably. With Howden's F.D., 
130 sq. ft. of grate would serve the same power equally well. 
These allowances give a margin for maintaining regular speed 
when cleaning fires. 

As stated above, the economical speeds are 9*75 knots and 
10*9 Imots. The speeds required, however, are 10 knots and 10^ 
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knots. The difference between 10'9 and 10'6 may be called an 
allowance for wind, while the lower speed 9*75 is not required. 

If Mr G. S. Baker's formula for (?) may be used for these 
speeds, we have 

(7) = 746 X -J2^^=- = -481. 
^-^ ;v/*78x340 

and 

(v) = -746 X }:1—^ = -459. 

^^ V*78x340 

Using Mr G. S. Baker's (c) curves for his ships D and E, 
we find @ = -794 for a 400-ft. ship at the speed for @ = '481, 
and = -816 5 for a 400-ft. ship at the speed for = '459. 
The correction for in passing from a ship of 400 ft. long to 
one of 340 ft. in length is OlO 5, to be added to the above 
values. 

Therefore we have, for lOj knots, = '804 5 ^ • f i 

and for 10 knots, = -827 J *PP^®^^"^* ^• 

Now if we take the propulsive coefficient as *44 as before, let us 

" constant " into the more flexible formula _ - ^^ . 

A^yg _ 188 
I.H.P. ""0* 

We find 

364x(10i)» _ J88^ _ 

1 750 -804 6 " 

i,e. 1 750 I.H.P. for lOj knots at 19 ft. 6 in. mean draught, and 

400x(10)a _ 188 __ 227 
1 760 -827 " 

i,e. 1 760 I.H.P. for 10 knots at 23 ft. 4 in. mean draught. 

These values apply to a clean painted ship running in 

smooth salt water under good conditions. 

Critics may remark that the value of p which we have 
selected, viz. '44, is on the low side, and that '46 or '48 might 
be expected in a smooth sea. '445 was the actual value of the 

ratio — — ' .ij^ ^ in the case of a 418-ft. twin-screw steamer at 

l.id.lr. 
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8 000 tons displacement, of the same fleet, and in the ahsence of 
tank trial data for the 340-f t. single-screw cargo boat^ *44 is taken as 
at least a safe propulsive coefficient for average service conditions. 

It is necessary, moreover, to provide a margin of power for 
wind resistance. The upper works of the vessel — tne masts, 
funnel, bridge, wheel-house, deck-houses, and hull exposed to the 
wind — present a thwartship area of about 1 891 sq. ft. at full 
load draught, and 2 054 sq. it. at 19 ft. 6 in. draught. 

The amount of the air resistance can be approximately 
estimated for a given route. Suppose that on the outward run, 
when a passenger liner is steaming at 14 knots, the smoke rises 
vertically from the funnel with a following wind, the rate of the 
wind is about 14 knots, i.e. the same speed as the ship ; and if 
that is only a light wind compared with the usual wind on the 
route — about a 25-knot breeze, — ^let us estimate the resistance of 
our 10-knot cargo ship coming up against the trade winds, i,e. 
against a head wind of that speed. Then V = 10+25 = 36. 

R= •0043xAxV« 
= -004 3x1891x1225 
= 9 950 lbs. 
Air H.P. = -003 070 7 x 9 950 x 10 
= 305. 
In calm air (no wind), 

V = 10. 

R= -004 3x Ax (10)2 
= 814 lbs. 

The air H.P. required against the 25-knot wind would be about 
305, and the horse-power required to overcome calm air resistance 
would be about 25. 

Adding the air horse-power to the I.H.P. already estimated 
for the hull in smooth salt water, we have 1 781*5 I.H.P. for 

lOj knots in calm air at 19 ft. 6 in. draught, , ^j-^ = 230, 

i.il.r. 

and 1 785 I.H.P. for 10 knots in calm air at 23 ft. 4 in. draught, 

^'. - 224. 
LH.P. - 
At 19 ft. 6 in. draught A = 2 054 sq. ft. V - lOJ knots. 

R=0043xAxV2 

= 004 3 X 2 054 X (10i)2 in calm air 
= 975 lbs. 
Air H. P. = 003 070 7 x 975 x 10 5 
= 81 -5. 
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Against a 25-knot wind V = 35*5. 

R = -004 3x2 064x1260 
= 11 120 lbs. 
AirH.P. = •003 070 7x11120x10-5 
= 359. 

The difference between the air H.P. in calm air and the air 
H.P. against the 25-knot wind at lOj knots is 359-31*5 = 327*5. 
For the 10-knot condition the difference is 305 - 25 = 280. 

1781*5-327-5 = 1454. 

1 785 - 280 =1 506. 

,_o Ox I. H.P. 

v'= — ii — 

Against the wind, at 19 ft. 6 in. draught, 

y3 ^ 230 X 1 454 ^ g^g 
354 

.-. V = 9*83 knots. 

Against the wind, at 23 ft. 4 in. draught, 

y3 ^ 224x1^05 ^ Q . - 

400 

.*. V = 9*46 knots. 

Both with the I.H.P.'8 (1 781-5 and 1 785) named above. 

In order to maintain the required speeds, however, we must 
add the difference of air H.P., thus : — 

1 781*5 + 327*5 = 2 109 1.H.P. for lOj knots at 19 ft. 6 in. draught, 
1 785 +280 =2 065 LHP. for 10 knots at 23 ft. 4 in. draught. 

Alya _ 354 X (10-5)8 _ - ^ 
I.H.P. "" 2109 "" 

A<V8 _ 40Qx(10)« _ .g. 
I. H.P. 2 066 "■ 

If the boiler power is only good for 1 950 I. H.P. continuously, 
the speeds against a 25-knoL wind would be 10*23 and 9*73 knots, 
but the speeds of 10^ and 10 knots could be maintained against a 
16^-knot wind, in which the results would be : — 

For lOj knots, air H.P. = 1685 difference, and 
for 10 knots, air H.P. = 165 difference. 

9 
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In the lOi-knot conditiou total air H.P. = 200, V = V703^ 
R = 6 210 lbs. 

In lUe 10-knot condition total air H.P. = 190, V = V723, 
R = 6 200 lbs. 

answering to the usual description of a " fresh wind on the bow." 
Therefore the final figures for this condition would be 

- —^ = 210 at lOj knots, on 19 ft. 6 in. draught, and 

l.H.r. 

= 205 at 10 knots, fully loaded, on 23 ft. 4 in. draught. 

About 20 per cent, of this cargo steamers I.H.P. is expended 
in overcoming wind resistance when steaming against a 25-knot 
wind at full speed at 19 ft. 6 in. draught. At 23 ft. 4 in. draught 
the percenta^ is about 17*2. About 11*2 per cent, of the I.H.P. 
is expended m overcoming wind resistance when steaming at full 
power against a 16j-knot wind at 19 ft. 6 in. draught. At 23 ft. 4 in. 
draught the percentage is about 10*7. When there is no wind, 
the air resistance absorbs about 1| per cent, of the I.H.P. at full 
speed. The reduction of speed against a 16J-knot wind would 
be nearly | knot, and against a 25-knot wind would be a knot. 

For higher values of the propulsive coefficient than '44 the 
results would be correspondingly better. 

The propulsive coefficient which we have chosen ('44) is not 
an uncommon figure with direct turbines where the propeller 
efficiency is low, but for our single -screw merchant steamer with 
reciprocating steam engines '47 could safely be assumed. The 
figures for I.H.P., etc., would therefore all improve. 

Waves causing pitching would naturally increase the resistance 
at a given speed. The effect of the waves which would be pro- 
duced by such a wind as the above-mentioned would be con- 
siderable. The wind might be accompanied by a head sea, 
which would be a serious obstacle to the speed of a boat 340 ft. 
in length, though it would not interfere with the time-keeping 
of a Transatlantic liner of the largest size.* In a heavy sea, 
according to The Engineer^ 4th February 1916, " with a following 
wind and the same power developed there is an increase of speed 
over smooth- water conditions so long as the speed of wind does 

* •' The ' Mauretania ' averaged for a whole year, on thirty consecutive pasaaces 
westward and eastward, in all weathers and under varying and uncontrollable 
conditions of service, a mean speed of 25*5 knots. Between February and 
August 1911 the total number of revolutions of the screws during each passage 
vi^ed only 2 per cent, above or below the number of revolutions per passage 
deduced from an average for all the passages." (Sir Wm. H. White.) 
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not exceed 25 knots. At that speed the accompanying waves 
proper to such a wind increase the resistance sufficiently to 
balance the advantage gained from the wind pressure, and the 
speed is the same as for smooth water. With a further increase 
of speed of wind there is actually a decreased speed of ship." 

The humps in the resistance curves of ships of 300 to 500 ft. in 
length, running at 1 1 to 15 knots, are those which concern the 
majority of shipowners. At the lower speeds there is inevitable 
wave-making resistance due to the diverging waves set up by the 
bow and the stem, accompanied by minor humps. At the higher 
speeds, transverse waves are found ; and when we reach a certain 
critical speed, depending upon the shape of the vessel, the 
resistance curve begins to rise abruptly. Mr G. S. Baker has 
shown how the lengths of entrance and run should be modified 
in order that this abnormal rise in resistance may be minimised. 
He has indicated by approximate formulae the critical speed and 
the limiting economical speed. 

The critical speed of any ship is given by the expression 



= 1-34^ 



PxL 

n 



representing speeds at which there are hollows in the resistance 
curve, where n is the number of wave crests between the bow and 
stern system of transverse waves. When n = 1, there is one wave 
crest amidships between the bow and stern systems. At a lower 
speed, when n = 2, 3, or 4, there are two, three, or four wave crests 
between the first crest of the bow system of waves and the first 
crest of the stern-wave system. 

Using values of V from the formula for critical speeds, 



= -716^ 



PxL 



L = length of ship in feet. 

V = speed in knots. 

P = prismatic coefficient. 

Mr G. S. Baker's (J) values from tank trials are usually plotted 
upon a base of (?). 

For the published figures for " Ulysses " and " Achilles " 

V = 1-34 jIM|?li:. 16.03, 



= 1-34^ 
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corresponding to 



Again, 



(p) =-4r = -577, and 1=- = -774. 



V = 1-34^^:736x514 ^J3.^j2, 
corresponding to 



V 
VPL 



since 



®= _L := -50, and - V = '67, 
v/4 

©_ 



'" Ulysses " and " Achilles " at 1 4 knots have (?) = '638. 

For (p) = '538 in the abscissa, we find the Q value for the 

contract speed. A tank trial will show whether this spot lies in 
a hollow or not. Thus there is nob only a certain fineness 
appropriate to a certain speed, but there is size also to be taken 
into account, absolute length of vessel together with fineness, as 

in the term ^V x L, where P = prismatic coefficient, and 
L = length of ship in feet. The speed may be estimated and 
predicted with some reliability for smooth- water conditions, but 
whether the fineness and length appropriate to a given speed in 
smooth water are the best for everyday voyaging in the rough 
ocean or not is a question which must not be overlooked. 
An article in 2%e Engineer ^ 4th February 1916, deals with this 
question of speed of cargo steamers and of sea kindliness. *'The 
experience oi ship captains has recently led to the adoption of 
larger ships with finer lines than formerly, though they are more 
expensive to construct than shorter, fuller vessels having the 
same cargo-carrying capacity. . . . Not onlv is it found that the 
finer entrance of the larger vessel produces better timekeeping in 
rough weather than is possible with fuller ships, but it is also 
the common experience that larger ships keep better time than 
smaller vessels of similar fineness. Taylor has laid it down that 
*the increase of resistance in rough water is, under practical 
conditions, largely a question of absolute size ; waves 150 ft. long 
and 10 ft. high would not seriously slow a 40000-ton vessel 
800 ft. long. A vessel of 1 20 ft. long would find them a very 
serious obstacle to speed.' " 
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Let us build up the power for the 340-ft. cargo vessel', using 
Real- Admiral l*ayior's curves for residuary resistance in lbs. 
per ton of displacement. 



First. — We have 



= 203*8. Prismatic coefficient = '78. 



Vioo/ 

At least 10 knots for the fully loaded condition, viz. 23*33 ft. 
mean draught. 

Second. — For the partly loaded condition, 19 ft. 6 in. draught, 
we require lOj knots. As this may be more difficult to realise, 
with a given power, than 10 knots fully loaded, let us take the 

second case. At lOi knots, — L = 57. , ^ ,^ = 168*4. 

VIOO/ 
?: == 2*382. Displacement at 19 ft. 6 in. draught = about 6 610 

tons. Block coefficient = about '75. Prismatic coefficient 

= -772. New value of 5 = ^ = 2*382 x ^ = 2*271. Wetted 

^ H Hi 972 

surface = 23 790. 



V 


Residuary resistance in lbs. per ton of \ 
corresponding to values of B^R. 


2-26. 3-76. 


2-271. 


•66 
•60 
•57 
•70 


1*3 1-968 6 
966 1-46 

l*-896 2'853 


1 -305 
•96 
•82 

1^907 



(lOJ knots) -82 x 6 610 = 5 430 lbs. residuary resistance. 

Residuary H.P. = 5 430 x 10*5 x *003 070 7 = 176 

SkinH.P. = 218x23-79 =618 



E.H.P. = 693 

Adding 4 per cent, for appendage resistance, the E.H.P. = 720. 
Adding 200 air H.P., we have gross E.H.P. = 920. Taking 
engine efficiency = -835, hull efficiency = 1*00, and propeller 
efficiency = '68, 

,,, ^^^^ — -- = 1 900 I.H.P. 
•836xl*00x-68 
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It will be noted that the propulsive efficiency taken from the 
^•^•7-^°f^^) = only '366, but using gross E.H.P. we have '48. 

S.S. . 400-4 X 501x23 ft. mean draught. A = 8560 

tons. Block coefficient at 22 ft. 6 in. = '678. Mid-area co- 



efficient = '960. Prismatic coefficient = 



'678 
•960 



= -706. 1 4 knots. 



4100I.H.P. 



VL 



= -70. 



Vioo/ 



3 = 133-9. I = ^ = 2-278. 



•926 



New S = 5^ = 2-278 = ^ = 2-1 98. Wetted surface = 28 900 
H Hi -960 

sq. ft. at 22 ft. 6 in. draught. Area exposed to air resistance roughly 

= 2 100 sq. ft. Suppose ship to be going against an average head 

wind of 18 knots, then 18 + 14 = 32 knots against the ship. For 

an average wind of 10 knots the air against Uie wind is 24 knots. 



V 


Residuary resistance in lbs. per ton of A, 
corresponding to values of Bj-H. 


2-26. 


3-76. 


2-198. 


•70 


1-341 


1-9 


1-321 7 



Residuary resistance in lbs. = 8 560 x 1 321 7 =11 810. 

Residuary H.P. = 11 310 x 14 x -003 07 = 486. 
Skin H.P. (from Table IX) = 49 x 28-900 = 1 416. 

Air resistance = R = -004 3 x 2 100 x (32)2 - 9 250 lbs. 
Air H.P. =-0030707x9250x14= 399. 

Take engine efficiency = '84, propeller efficiency = -625, and 
allow 4 per cent, for appendage resistance, and hull efficiency, 
say, = 1-00. 

486 + 1 416 = 1 902 naked E.H.P. 

With appendages = 1 980 E.H.P. Gross E.H.P. with air resist- 
ance included « 1 980 + 399 = 2 379. 



2 379 
•84 X -625 



= 4 520 I. H.P. against an 18- knot wind. 



With a 10-knot breeze against the ship, air resistance = 6 200 
lbs., air H.P. = 310, I.H.P. = 4 360. 

About 8*8 per cent, of this ship's I.H.P. at full speed is expended 
in overcoming wind resistance when steaming against an 18-knot 
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wind. Against a 10-knot wind the percentage would be about 
7*1. The reduction of speed against the 18-knot wind would be 
about J knot. Against tne 10-knot wind the reduction of speed 
would be about J a knot. 

S.S. . 355x49-25x23 ft. mean draught. A = 8 120 

tons at 21 ft. mean draught. Block coeflBcient = •775. Mid- 
area coeflBcient = ^975 at this draught. Prismatic coefficient 



'2^f = -795. lOi knots at 2 000 I.H.P. at sea. -X= 

•975 ^ vr 



•557. 



Vioo/ 



= 181-8. ~ = 



B 
H 



49-25 
22 



= 2 24. 



New 5 = 5^ = 2-24 x i^ = 216. Wetted surface = 26 250 
H H, 975 



sq. ft. at 21 ft. draught. 



V 


Residuary resistance iu lbs. 
corresponding to values 

2-25. 3-76. 

1 


per ton of A, 
of B-5-H. 

2-16. 


•70 
65 
•60 
•557 


2074 

1-402 

1-033 

... 


3-245 
2-163 
1-602 

• • 


2007 

1-356 3 
•998 9 
•6919 



Residuary resistance = 8 120 x '691 9 = 5 620 lbs. 
Residuary H.P. = 5 620 x 10^ x '003 07 = 181-3. 
Skin H.P. (from Table IX) = 21-8 x 26-2r.O - 572. 

Suppose the area exposed to air resistance = 2 285 sq. ft., and 
the ship to be going at 10^ knots against an average wind of 
20 knots, 

10-5 + 20 = 30*5 knots against the ship = V. 
Air resistance = R = '004 3 x 2 285 x (30-5)2 = 9 160 lbs. 
AirH.P. = •003 070 7x915 0x10-6 = 295. 

Take engine efficiency = •SS, propeller efficiency = '61, and 
allow 4 per cent, for appendage resistance, and hull efficiency 
= I'OO. 181^3 + 572 = 784 gross E.H.P. without appendages, 
and 1 079 gross E.H.P. with appendages and air H.P. 

^^^^ = 2 130 I.H.P. required to drive the ship at 
•83 X -61 iQj knots against a 20-knot wind. 

With 260 air H.P. for an 18j-knot wind, the I.H.P. would 
be 2 000, 
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Table XXVL — Sixth Roots of Numbers (A). 



A 


A* 


A 


A* 


A 


A* 


A 


A* 


25 


1-71 


1900 


3-519 


5800 


424 


13 750 


4-894 


60 


1-92 


2000 


3-549 


5900 


4-25 


14 000 


4-91 


75 


20533 


2 100 


3-578 


6000 


4-262 


14 250 


4924 


100 


2-154 


2200 


3-605 


6100 


4275 


14 500 


4-937 


125 


2-235 


2300 


3-632 


6200 


4285 


14 750 


4-951 


150 


2-305 


2400 


3-659 


6300 


4-297 


15000 


4-966 


176 


2-366 


2500 


3-684 


6400 


4-308 


15 250 


4-979 


200 


2-418 


2 600 


3-71 


6500 


4-32 


15 500 


4-992 


225 


2-465 


2 700 


3-731 


6600 


4-33 


15 750 


5005 


250 


2-51 


2800 


3-755 


6 700 


4-34 


16 000 


5-20 


275 


2-549 


2900 


3-777 


6800 


4-35 


16 250 


5033 


300 


2-587 


3000 


3-799 


6900 


4-361 


16 500 


5045 


325 


2-62 


3 100 


3-819 


7000 


4-373 


16 750 


5-057 


350 


2-654 


3200 


3-84 


7 250 


4-397 


17000 


5-07 


375 


2-684 


3300 


3-869 


7500 


4-424 


17 250 


5-083 


400 


2-714 


3400 


3-877 


7 750 


4-448 


17 500 


5-094 


425 


2-74 


3600 


3-897 


8000 


4-472 


17 750 


5106 


450 


2-768 


3600 


3-914 


8 250 


4.494 


18 000 


6119 


475 


2-791 


3 700 


3-931 


8500 


4517 


18 250 


6-13 


500 


2-817 


3800 


3-949 


8 750 


4.539 


18500 


5141 


550 


2-86 


3900 


3-965 


9000 


4-561 


18 750 


5-153 


600 


2-904 


4000 


3-981 


9 250 


4-583 


19000 


5165 


650 


2-941 


4 100 


3-999 


9500 


4-602 


19 250 


5177 


700 


2-98 


4200 


4016 


9 750 


4624 


19 500 


5188 


750 


3014 


4300 


4-031 


10 000 


4-642 


19 750 


5199 


800 


3047 


4400 


4-049 


10 250 


4661 


20 000 


5-21 


850 


3-079 


4500 


4-063 


10 500 


4.68 


20 500 


5231 


900 


3-107 


4600 


4-079 


10 750 


4-699 


21000 


6-252 


960 


3136 


4 700 


4-092 


11000 


4-718 


21500 


6-273 


1000 


3-17 


4800 


4-107 


11250 


4-735 


22 000 


5-292 


1100 


3-211 


4900 


412 


11500 


4-752 


22 500 


5-312 


1150 


3-236 8 


5000 


4135 


11750 


4-769 


23000 


5-331 


1200 


3-26 


5100 


4149 


12 000 


4-785 


23 500 


635 


1300 


3-305 


5200 


4161 


12 250 


4-801 


24 000 


5-37 


1400 


3-347 


5300 


4175 


12 500 


4-817 


24 500 


5.389 


1500 


3-383 


5400 


4189 


12 750 


4-834 


25000 


5-407 


1600 


3-42 


6500 


4-201 


13 000 


4-85 


25 500 


5425 


1700 


3.454 


5600 


4215 


13 250 


4-865 


26000 


■ • 


1800 


3-487 


5 700 


4-228 


13 500 


4-88 


26 500 


• • 
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Table XXVI. — Sixth Roots of Numbbbs (A) — continued. 



A 


A* 


A 


A* 


A 


A* 


A 


A* 


27 000 


• • 


34 500 


5-706 


42 000 


5-894 


49 500 


6-06 


27 500 


• • 


36000 


5-72 


42 500 


5-906 


50 000 


6-07 


28 000 


5-510 5 


36 500 


5-734 


43 000 


5-918 


51000 


• • 


28 500 


5-528 


36 000 


5-748 


43 500 


5-93 


52 000 


• • 


29 000 


5-543 


36 500 


5-76 


44 000 


5-94 


53 000 


• • 


29 500 


5-56 


37 000 


5-774 


44 500 


5-951 


54 000 


• • 


30 000 


5-574 


37 500 


5-787 


45000 


5-961 


56000 


6-166 


30 500 


5-59 


38 000 


5-80 


46 500 


5-972 


56 000 


• • 


31000 


6-604 


38 500 


5-812 


46 000 


6-984 


57 000 


• • 


31500 


5-62 


39 000 


5-824 


46 500 


5-994 


58 000 


• • 


32 000 


5-634 


39 500 


5-836 


47 000 


6005 


59 000 


• • 


32 500 


5-649 


40 000 


5-849 


47 500 


6-017 


60 000 


6-257 


33 000 


5-663 


40 500 


5-86 


48 000 


6028 


65 000 


• • 


33 500 


6-678 


41000 


5-871 


48 500 


6-039 


70 000 


6-42 


34 000 


6-691 


41500 


5-883 


49 000 


6049 







Mr R. E. Froudk*s Type 4, Series A. A = 6 048 tons. 

K = 2-8. (Seep. 76.) 



M. 


Length. 


46 


274 


5-0 


298 


5-453 


325 


60 


358 


66 


3935 


70 


418 


7-4 


441 



0. 



•lYo 



•077 4 
•076 49 
•07617 
•075 2 
•074 2 
•073 76 
•073 29 



•954 

•961 

•968 2 

•976 

•984 8 

•990 

•996 



OSL-l'^» 



•415 
•431 5 
•4519 
•473 
493 6 
•508 
•520 



OSL-l"» 



XE.H.P. 



© 

= Froude'8SkinH.P. 



Froude's Skin H.P. 



Tideman'sSkin H.P. 



2 544 

2 900 

3 080 
3166 
3 304 
3 400 
3 480 



•866* 

•948 

•956 

•955 

•965 

•967 

-956 



E.H.P. -skin H.P = Residuary H.P., 

Residuary resistance lbs. per ton A = Residuary H.P. 

^ ^ V X 003 07 X 6 048 

* T.e. except for the two abnormally short vessels, Froude's skin H.P. works 
out about i\ per cent, less than the skin H.P. from our Table IX, based upon 

Tideman's constants. The skin frictional H.P. by Kroude is V^'^^x Froude's 
surface friction constants. 



138 Steamship Coefficients, Speeds and Powers 

while the skin H.P. by our tables is V^^ x Tideman's surface 
friction constants. 

Rear- Admiral Taylor uses the latter, and from this constructs 
his fi^. 78, a diagram showing contours of skin frictional resist- 
ance m lbs. per ton A, for a ship with wetted surface from 4 to 
7 per cent, below the average. 

Total resistance of model — Tideman's skin resistance 

= Taylor's residuary resistance A 

Total resistance of model — Froude's skin resistance 
= residuary resistance according to Fronde and 
Baker . . B 

When using A, it should be remembered that the values of 
residuary resistance per ton A are lower by the 4J per cent, or 
so, mentioned above, than in the case of B. 

In design work, then, when powering a ship, if we have no 
information as to total resistance or E.H.P. from tank trial, or 

S.H.P. from an exactly similar vessel, and if we have no (0) 

A 
values, if ^ j ^3 is not over 160, we may use A, adding, say, 

vloo/ 

5 per cent, to the residuary resistance per ton A so found, to bring 
it into line with Froude. 

Ai 

Then for skin H.P., if, in the cas6 we are dealing with, . y . 3 

liouy 

does not exceed 160, we may use Taylor's fig. 78, adding a per- 
centage to the reading equivalent to the difference between 15*4 
and our value of in Taylor's formula for wetted surface, using 
Taylor's fig. 41 to find the value of C. In many ordinary vessels, 
C = 16*5, i.e, 7 per cent, in excess of the 15*4 upon which Taylor's 
fig. 78 is based. 

For both residuary resistance and skin resistance the above 
values are given for naked models, i.e, models without appendages. 

Appendage resistance is largely eddy-making, and should be 
added to the residuary resistance, say 4 per cent, for single- 
screw ships. For twin-screw ships with shaft bossings not too 
favourably arranged, the additional resistance to add for 
appendages may be anything between 10 and 20 per cent. 

The extra-wetted surface of the appendages is another matter. 
This may be added to the wetted surface of the naked ship, and 
additional skin friction allowed, considerably less perhaps, how- 
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ever, than the proportional increase of surface causing it, as this 
part of the surface is said to carry a body of water with it. 

Thus if we take Taylor^s wetted surface, we have C^JDLxf 
X V^*"^ = skin friction H.P. of naked hull. The percentage of 
surface to add for appendages is similarly multiplied by V'-*^ x a 
fraction of/, and the total gives the skin fl.P. 

Or, if we take Mumford's formula for wetted surface, we have 
(L X D X l-7)+(Lx B X block coefficient) x/xV^ss = skin H.P. 
of naked hull, unless, as is often the case, we add or deduct 
something to Mumford's product to correct it for the particular 
type of hull in question. Appendage surface friction is then 
sJaaed as before. 

Deduction op Froudb's Surface Friction Coefficients 
FROM Mr G. S. Baker's 1913 Models. 

Values of (c^ scaled from diagrams. Taking Set C, and 

working back to find / the coefficient of fluid friction. Model 
18a. Wetted surface S = 30 860 sq. ft, S = 6*39. Wetted surface 
taken as 2 per cent, above Mumford's, and as 4*4 per cent, below 
Taylor's, wetted surface. 

V 

(1) At -^=-711. 14-22 knots for 400.ft. ship. 

= -732. 
= -750 6. 
OSL-"^ = -521. Skin H.P. = 1 582. 
Let us find the value of/ in the formula 

Skin H.P. = / . S X '003 070 7 x Y^'«^ 
(H-22)2-«»= 1803. 

/ ^ ^^^ _ •009 26 

•^ ~ 80860X 0030707x1803 ~ 

V 

(2) At -j== -633. 12-66 knots for 400-ft. ship. 

= -763. 
= -669. 

OSL" "* = -582. Skin H.P. = 1 189. 
(12*66)2826 = 1 300. 
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,', /= li?? = -009246. 

•^ 30 860 X -003 070 7 X 1 300 

These values of /are about 5 per cent higher than the standard 
value of Fronde's /, viz. -008 83, quoted by Mr G. S. Baker. 
Perhaps it would be better to write skin H.P. = (-008 83 x S 
x-003070 7xV2«»)l-05, to show that Mr Baker has added the 
5 per cent, for form (see pp. 6, 6, and 34). 

EocampU—B.. E. Froude, 1904. Series A, Type 4. 

2*8 = the speed constant (k^ 

©=IiX-5834 (1) 



V = 



A* 

A*x2-8 _ (6 048)* X 2-8 
•583 4 ~ -583 4 



log (6 048;* = i log 6 048 = J < 3 '781 62 = -630 27 
= log 4-268. 

• . (6 048)* = 4-268. 

.-. v^-t-268x 2-8^^0., 
-583 4 



The resistance constant 



© = ^^''27-l (2) 

Cc)x(6 048)'x(20-6)» 

• 1? XT T> ^-^ 



•962 x332x8 615 __ g ^^q 
427-1 



The length constant 



(m)=— jX-305 7 .... (3) 



If = 5-453, 



•305 7 

. Lx 7— = 5-453 .... (4) 

A* 

J. 5 -463x18 22 _,o^ 

•806 7 
„ •956x18-22 ,, 
^ = •806 7 = "• 
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(0) for 300-ft. correction = -966 

•003 



•962 
D = 22. 

aSV3 332x8 615^222 if MlZl = 60. 



I.H.P. 12 900 I.H.P. 

Take wetted surface = 21 780. [Mumford^s formula gives 21 810.] 

© = ^x -093 46 = 6-13. 

Example,— R. E. Froude, I.N.A., 1904. Series A, Type 4. 
@ = 2-8. @ = 7-4. = -76. Let A = 6 048. V = 20-5. 

V = KxA* ^ 2^8x_4;268 _ Beam 57 

•683 4 -683 4 "" * Draught" 22* 

•782 4 
•760 



•022 4 



Corrected value of (cT) = 737 6 

E.H.P. = •737 6x332x8615 

427 -1 ~ 

The length- speed constant 

Length of ship 

L = l:^^^ = 441. 
•306 7 

rB~)=-824=A<'»'"x-306 7. 

^ — ^ A h 



A* 

•3057 
A-^ 



Beam x -^^' = -824. ^B = '410 6. 



Beam = '821 2x ^ = '^^^^^^^'^^ ^ 

•305 7 -305 7 
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•316x18-22 



78- 



(S) = -316. Draught = J'^^}^^ = 18 • 
^^ ^ -305 7 

Dimensions: 441 x 48*6 x 28*78, w = '525, A = 604 8. 
Take wetted surface S = 25 360. 

Then = ?|||? x -093 46 = 7 '14 

OSL-176 = 073 29 X 714 x '990 2. 
= -518. 



CHAPTER VIII. 

PROPELLERS. 

A SCREW propeller impels a column of water iu a sternward 

direction. Suppose the propeller to be working so far behind the 

ship that it is not in the wake or following current, then the speed 

of the column of water driven aft or pumped aft by the screw, i.e. 

the speed of the propeller race, is Va — Vg = the slip, or real slip, 

i,e. a speed given to the water acted upon by the propeller and 

driven stem wards, where Va = i?N = pitch in feet x revolutions 

per minute in this case, and Vs = speed of ship in feet per minute. 

If the screw is advancing into undisturbed water, in the manner 

above described, it is developing a certain thrust T, required to 

drive the ship. Then the propeller efficiency (eo) under these 

E H P 
conditions would be the ratio - •' , where E.H.P. is the power 

D.H.P. 

corre^onding to the net or tow-rope resistance of the ship, and 
D.H.P. the delivered horse-power or power delivered to the pro- 
peller, D.H.P. = S.H.P. less the power lost in friction of the stem 
tube and its packing, or = I.H.P. less the power lost .by friction 
of engines, dependent pumps, shafting, thrust-block, and stern tube. 
But the propeller, instead of working in undisturbed water, works 
in the wake or current of water following the ship, and instead 
of meeting the water at a speed equal to the ship's speed, it is 
caused to advance through tlie water around it at a speed = the 
ship's speed minus the speed of the wake, i.e.Ya — loYs — Va = " the 
speed of advance." The thrust horse-power = TVa . The useful 
work, so far as the ship is concerned, is always TVs, whether the 
propeller is working in undisturbed water far behind the ship or 
working in the wake water in its usual position at the stem of the 
ship. . 

If the propeller imparts movement to a column of water astern- 
wards, the reaction of the water produces the thrust. If there is 
no wake, i.e. if the propeller is working in undisturbed or " open 
water," the speed with which the propeller meets the water is 

143 
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simply the speed of advance of the propeller, and the difference 
between (P x N) and the speed of advance = the real slip ; but if 
the propeller is working m its usual position at the stern of a 
vessel going ahead, the propeller meets water which already has 
a forward motion, and has to destroy this forward motion of the 
water and impress a real sternward motion upon it. It does this 
gradually, and the acceleration commences in front of and before 
the water readies the propeller, by a kind of suction towards the 
back of the blade. In the latter case the difference between (P x N) 
and the speed of advance is the apparent slip. In an experimental 
basin, when the propeller is mechanically caused to advance through 
open water at the speed (P x N) feet per minute, there is no slip and 
no thrust. Tht wake has not a single uniform speed, but has different 
speeds at different parts of the stein aiid at different levels. The 
wake is practically the same (though perhaps not exactly) on the 
port side of a propeller as it is on the starboard side.\The actual 
wake, however, is considered as sensibly equivalentTo a uniform 
wake, and the slip is mean slip. In the same ship the wake speed 
with inward-turning screws is different from the wake with out- 
ward-turning screws. Sir A. Denny, Bart., mentions the case of 
a twin-screw yacht in which the wake was 1 1 per cent, for inward 
and 17^ per cent, for outward turning ; hull efficiency inward 
•96, an(f outward 1*03. The mean real slip, then, is greater than 
the apparent slip by the amount of this wake. \Crhe wake fraction 
or wake speed is equal to the real slip ratio or real speed minus 
the apparent slip ratio or speed. 

If A = the cross-sectional area of the race or column of water 
projected stern wards, in square feet, 
W = weight of a cubic foot of sea water in lbs., 

V = speed of race, in feet per second, relatively to the ship, 
Vg = speed of ship in feet per second, 
m = mass of water acted on by the propeller per second, in lbs. , 

m = — A X V, 

9 

W 
the momentum of the race = — Axt'(v-Vs), and this is the 

9 
measure of the thrust of the screw, T, to overcome the resistance 

of the ship augmented by the wind, waves, pitching, appendages, 

and the effect of the presence of the ship upon the propeller 

(wake effect) and the effect of the presence of the propeller upon 

the ship (augmentation of the ship resistance by the defect of 

pressure behind the stern, due to the action of the propeller in 

sucking the water forward of itself, the beginning of the accelera- 
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tion imparted to the water). If we say the race has an absolute 
velocity aft of u feet per second, then T = — A(V8+ w)w. 

The useful work of the propeller is TVg = — A(Vs+ti)Vsw. 

The speed of advance of the propeller through the water in 
which it works is usually less than the speed of the ship. Pro- 
pellers usually advance a distance less than their pitch for each 
revolution. 

If Va = the speed of advance of the propeller through the wake 
water, 
and Vg = speed of ship, 
uVg = speed of wake, 

If the propeller is made to advance at a speed which will give 
no slip, viz. P x N(P = pitch, N = revolutions), P x N is called 
the speed of the propeller. (P x N) — Va = the speed of the slip. 

' I Speed of propeller - speed of advance ^ ^^^ ^^ ^^. ^ ^ g 
Speed of propeller 
Speed of propeller -speed of ship ^ ^ ^jj ^^y^ ^ g 

Speed of propeller 

When (as nearly always) the speed of advance Va is less than 
the speed of the ship Vs, real slip ratio is greater than apparent 
slip. Pitch X revolutions, P.R., is termed the speed for no slip, 
or the speed of the propeller. 'If the propeller advanced a 
distance = P each revolution, there would be no slip. The slip 
is P X «, the propeller advances P- (P x s). It advances P(l ~«) 
each revolution, and the speed of advance is P(l — s)R. The 
useful work '^T x P(l - s)R per minute. The gross work, or 
work delivered to the screw [corresponding to the D.H.P. 
(where horse- power delivered to propeller = eiXl.H.P.)], is the 
torque x 2irR, R being revolutions per minute. 

Let Q = torque, T = thrust, as before. 

Efficienc - Useful work ^ TxP(l-g)R ^ T^ P(l-g) . 

The results of Mr Taylor's model experiments upon propellers 
are plotted as curves of thrust in lbs., torque in pound-feet, and 
efficiency, upon real slip ratio as abscissae. There is a difference 
between nominal pitch (the pitch of the driving face of the 

10 
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blade) and virtual pitch (the effective pitch as modified by the 
curved back of the blade), which causes some thrust to be 
registered at the speed for zero slip, P x R, and both Mr Taylor's 
curves and Mr R. E. Froude's 1908 curves allow for this. Prof. 
T. B. Abell's analysis {Tram, Inst. N.A., 1910) makes this very 
clear, showing that the pitch for no thrust is not always the same 
for a given propeller, but seems to change with the speed of advance. 

Sir A. Denny's address to the Institution of Marine Engineers, 
1915, confirms this (see p. 166). The uncertaintv of pitch makes 
all propeller calculations based upon present information rather 
unsatisfactory.* Mr H. Gibson has measured thrust in tons by 
meter. 
/ Owing to the wake, the thrust of the propeller is greater than 
it would be if it were working in still water. Part of the work 
of the machinery propelling the ship and causing wak6 is 
returned as useful work in the form of an addition to the thrust 
This is usually called "the gain due to wake," or "the wake 
gain." It is less in twin-screw ships than in single-screw ships. 
This gain is practically balanced by the thrust deduction which 
is due to the reduction of water-pressure behind the ship 
(equivalent to an augmentation of the resistance against which 
the ship moves), caused, as previously stated, by the sucking 
action of the screw upon the water just forward of the blades. 
Some distance forward of the screw the water is sucked aft 
towards the blades, which impart a gradually increasing accelera- 
tion to it when driving it sternwards. The fore-and-aft position 
of the screw on the ship affects both the wake gain and the 
thrust deduction, causing the ship to act more or less upon the 
propeller by the wake, and the screw to produce more or less 
suction upon the ship according to its situation. / 

If T = the thrust, and R = the net or tow-rope resistance of \ 
the ship, T - R = thrust deduction. 

If tT is the fractional amount by which T exceeds R, t being 
the thrust deduction coefl&cient, 

R = T(l-0. 
{I -t) = the thrust deduction factor, 

(l-0 = |- 

* A case was mentioned in which model propellers were driven along a tank, 
with no ship model in front of them, at a speed of 600 ft. per min. With ^lip 
ratio of zero, i.e. when ^jN = 500 ft. per niin., it was expected that no thrust 
would be registered, but this was not the case, for at zero thrust the pitch 
actually is '588, not 50. Probably the difference of pitch is greater when the 
symmetrical ogival section is departed from and a blade having its greatest 
thickness, say }, from the leading edge is used. 
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Wake. 

Since Va = VgCl - w;), .'. ^ = ,t^ = the " wake factor/' 

Va (\-w) 

where w = the " wake fraction." 



Va = Vs - wY^ 
= Vs(l-w;). 

,^ 1 

1 - VJ 

,',Wp = - 1 (1) 

1 — w 

w = -!^£- (2) 

\-\-Wp 

where Vg = speed of ship in knots. 

Va = speed of advance of propeller in knots through the 

wake water. 
w = Taylor's wake fraction. 
Wp = Fronde's wake percentage. 

The speed of advance Va is the same, whether we calculate it 
from Wp or from w. 

For single screws, w = - •05+(*5 x h). 
For twin screws, w = — '2 +(-55 x h). 

Froude's method of propeller design works upward from 
E.H.P., and the first step in using this method is to multiply 
E.H.P. by a factor greater than unity, to allow for wind, rough 
water, pitching, appendage resistance, etc., to arrive at the T.H.r. 

Taylor's methoa works directly downward from S.H.P.. which 
includes propeller efficiency. The choice of a method depends 
upon the data at the command of the estimator. Taylor's oased 
upon D.H.P. would be even better, and, of course, D.H.P. can 
be used instead of S.H.P., the shaft transmission efficiency shown 
on Messrs McLaren and Welsh's diagram being the only diflference 
between S.H.P. and D.H.P.* 

Both of the above-named systems are based upon the most 
elaborate tank experiments which have been carried, out up to 
the present time. 

♦ Trans. Inst. Engineers and Shipbuilders, Scot., 1914-15. 
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Further experiments are required to compare experimental 
data from model propellers with results of corresponding full- 
sized screws. 

The E.H.P. ^ RVg, and E.H.P. = R x Vs x 003 07. 

The T.H.P. of the screw-- TVa, and T.H.P. = T x Va x 003 07. 

E.H.P. 
69 = 



.P. 1, n « . RVs \-t 

_ = hullefficiency = ^ = ---^. 



gx ^ = (l-Ox 






If the screw be set to work in still water apart from the ship, 
or driven along the tank in the open without any model in front 
of it, at same revolutions as when attached to ship, but its speed 
of advance adjusted so that the same thrust is obtained from 
the screw as when it worked in its usual position on the ship, 
and if S^ be the power delivered to the propeller under these 

conditions, then -~^ is the screw efficiency in still water (as 

in model experiments), the ratio of the work got out to the 
work put in, and the propulsive efficiency of the screw 

TV 

«a = -—i X (relative rotative efficiency). 

Si 

The relative rotative efficiency is not always taken into account. 
It is the ratio 

D.H.P.' 
or ratio 

The power delivered to the propeller for developing a 
certain thrust in open water. 

The power delivered to the propeller for developing same 
thrust when working in the water behind the ship. 

As Istated on p. 6, the propulsive efficiency of the ship 
p = e^xegX^g; p = engine efficiency x screw efficiency x hull 
efficiency 

D.H.P. _ ..E.H.P. 
^ I.H.P. ^ T.H.P. 

Mr Luke's paper in 1910 to the Institution of Naval Architects 
gave values of relative rotative efficiency and hull efficiency 
obtained from analyses by Mr Froude and Signor Pecoraro. 
These we have tabulated on p. 149. 
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Table XXVII.— Wake and Thrust Deduction, from Mr Luke's 
1910 paper quoting Mr R. E. Froude's 1898 figures for the forma 

fiven in the paper. ( In ward-turniD g and ou tward-turnine screws. ) 
ee Table XXV. 



Ship. 



Battleships - 



Cruisers 



' 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Extreme shallow \ •• ^ 
draught vessel / " 

ri7 

18 

19 

20 

121 



Torpedo-boat 
destroyers 



Wake. 



Thrust 
deduction. 



Out- 


In- 


ward 


ward 


turn- 


turn- 


ing. 


ing. 



1«5 
095 
092 
096 
075 
095 
082 
087 
087 
086 
060 
082 
040 
040 
068 

160 

042 
012 
010 
007 
016 



168 
105 
098 
107 
090 
108 
090 
092 
098 
098 
067 
084 
046 
060 
074 

156 

040 
016 
008 
001 
010 



Out. 



•186 
•095 
•098 
•095 
•083 
•103 
•101 
•115 
•100 
•099 
•075 
•100 
•065 
•065 
•088 

•12 

•040 
•037 
•020 
•015 
•016 



In. 



175 
106 
100 
098 
090 
110 
106 
136 
100 
100 
080 
103 
070 
068 
096 

113 

036 
033 
016 

015 
016 



Hull 


Relative rota- 


efficiency. 


tive efficiency. 


1 

Out. In. 

1 

1 


Out. 


In. 


'948 ! -965 


•999 


•999 


•990 -989 


•992 


1003 


•986, -987 


•999 


1006 


990 -997 


•990 


1010 


■985 -992 


•990 


1010 


•982 , -985 


•997 


1007 


•973 


•976 


992 


1007 


•961 


•945 


•987 


1018 


•978 -987 


•999 


1-006 


•976 -987 


•999 


1004 


•980] -982 


•990 


1008 


976 -972 


•987 


1006 


972 -972 


•987 


1005 


•972 


•978 


•990 


1004 


•972 


•970 


•992 


1008 


•021 


1-025 


1'002 


1008 


•000 


1-002 


1*016 


1009 


•974 


•982 


•986 


1002 


•970 


•976 


•987 


•998 


•975 


•983 


•985 


1006 


•970 


•974 


•995 


1003 



In Froude's nomenclature w the " wake fraction " differs from 
Taylor's "wake fraction." 

Fronde's is Wake velocity 

Speed of propeller in " open water '* * 

Taylor's "wake fraction" is a fraction of the ship's speed. 
MacDermott's " wake factor " is also a fraction of the ship's speed. 

Some further explanation is required of the terms " wake factor " 
" wake fraction," " wake percentage," " speed of the wake." In 
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the above we have used Mr Taylor's expressions, not Mr Fronde's, 
for these values. 

The formulae for wake give the value of w, the " wake fraction." 
Thus Mr Taylor's w = -'2 + '556 = t roughly shows the." wake 
fraction" ana the thrust deduction "coefficient" equal, as they 
nearly are in most cases ol twin screws. When this is the case, 

the " wake factor " , and the " thrust - deduction factor " 

1— te? 

(l — t) are reciprocals. 

Mr Taylor and others express the wake as a fraction of the 

ship speed Vg ; thus wVs = actual speed of wake where w = the 

"wake fraction" and — ?- == = the "wake factor." 

Va i — w 

Mr Fronde's nomenclature, used also by Mr G. S. Baker and 

Mr W. J. Luke, is different in that -^ = l+Wp where Wp is the 

Va 
" wake percentage," the wake being expressed as a fraction of Va, 
the speed of advance of the screw, and the wake factor is l+Wp. 

Mr Taylor's w = Mr Fronde's ^^ . 

Mr Taylor's " wake factor " = _ r , and Mr Fronde's " wake 

l — w 

factor" = }+Wp, but these are equal. The wake factor is greater 

than unity. 

Example. — Let the speed of the ship V be 20 knots, and let the 

"wake percentage" according to Froude and Baker hewp = '16. 

Then, according to Froude, me speed of the screw Va through 

the wake water 

Va = — ^ =— = 17-24 knots. 
l+wp 1-16 

I -{-Wp = I'lQ = ** wake factor." 
Now Taylor's "wake factor" is also 1"16 = where 

w = -i^ = -138. 

l+Wp 

Taylor's formula is Va = Vg-'M?Vs, which gives Va = 17-24 

knots. 

Taylor calls «; the " wake fraction." 

In both systems ^ = the " wake factor." 

Va 
The thrust -deduction factor is less than unity. They do not 
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necessarily quite balance one another, and they are both factors 
in the efficiency. 

The wake percentage is slightly higher with models than with 
full -sized ships. 

Other FoRMULiB for Wake. 

(1) In the discussion on three papers in 1910 read before the 
Institution of Naval Architects, Mr P. A. Hillhouse gave a useful 
expression for wake, deduced from Professor M*Dermott's figures : — 

W = 30jo--76-^-'55, 

where W = wake percentage (a percentage of the speed of the ship). 
p = prismatic coefficient. 
L = length on water-line. 
B = breadth on water-line. 

As the forward motion is gradually impressed on the water as 
the vessel moves through it, the speed of the wake is greater in 
the case of long vessels. 

(2) Mr D. W. Taylor, in the same discussion, gave a formula 
for w, the wake fraction, the ratio between the speed of the wake 
and the speed of the ship Vg (not V^, as in Fronde's wake, see 
p. 1 50), in terms of block coefficient b. For twin screws 

w = --2+ '6356, 
and thrust deduction 

t = -'198 + -5576. 

Nearly identical expressions, confirming a former dictiun of Mr R. 
E. Froude, that for twin-screw vessels, on the average, wake factor 
and thrust deduction neutralise each other and hull efficiency is 
unity. From this he suggested the following single approximate 
formula, 

«? = - -2+ -656 = t, 

for cases of twin screws in which shaft bossing does not materially 
modify the natural flow of the water. 

(3) For twin-screw steamers the lower line on Plate 66 answers 
fairly well, the equation being 

w = -'166 + '44&. 
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Other FoRMULiB for Wakb Values. 

(4) Mr D. W. Taylor's Resistance of Ships and Screw Propulsion, 
published twenty years ago, gave equations for mean wake factor, 
or wake coefficient, a fraction of the speed of the ship, as follows : — 

For single screws, w = 0*44«-002, 
For twin screws, w = 0-57« - 020, 

where w = wake factor (wV\ V being the speed of ship, 
and » = block coefficient. 

These values were used by Dr Caird for the analysis of the 
trials of the Dutch opium cruiser " Argus " (Plate 35). A mean 
line through Mr Fronde's values, quoted by Mr Luke before the 
Institution of Naval Architects in 1910, for twin screws, falls 
somewhat lower, and has the equation suggested in 1910 by Mr 
Taylor, and already mentioned, viz. : 

w = -'2 + -5356, 

where 6 = block coefficient. 

(5) Another formula, of the form suggested by Taylor, was 
given in an article on "Screw Propellers" in Tiie Shipbuilder, 
September 1913, by Mr A. J. C. Kobertson: — 

For single-screw ships, wake = — '05+ '45 x prismatic coefficient, 
For twin-screw ships, wake = - '20 -h '50 x prismatic coefficient. 

Having regard to the comparatively high prismatic coefficients 
of torpedo craft, their low block coefficients, and their small 
ratio of length to beam, on the whole weiean to Mr Taylor's 
i(? = — '2 -h "5356 for twin screws, or Mr Hillhouse's W = 30p 

- -75 g - 5-5. 

Wake. 

In a paper read before the American Society of Naval Architects 
and Marine Engineers in 1896, Professor MacDermott gave a ^d 
formula for the speed of the wake, as a percentage of the speed oi the 
ship, applicable to both twin screws and single screws. 

L = length of vessel in feet measured from fore side of stem to 

after side of inner stem-post. 
p = prismatic coefficient. 
m = midship-area coefficient. 
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SiNOLE-ScREW Vessels. 

Formula t^ f 016 ( — L* - '6 j . Wake percentage = lOOw. 
(From Professor MacDermott's paper.) 



Name. 


! 
Length. 


Prismatic 
coetticient 


Mid -area 
coefficient. 


Actual 

wake 

per cent. 


Computed 

wake 
per cent. 


Flavio Gioja . 


249 


•619 


•86 


19^86 


19 •63 


Charles V . 


306 


•658 


approx. 93 


19^57 


19-79 


Albacore 


128 


•722 


•825 


23*66 


22*82 


Gallia . 


419 


•711 


•92 


25 07 


24-21 


Servia , 


503 


•723 


•91 


25-07 


26-26 


City of Rome 


534 


•713 


•925 


25*07 


25-54 


Warrior (old) 


367 


•671 


•825 


25*44 


25-22 


Great Eastern 


666 


•61 


•82 


25-44 


26 ^67 


Cumus . 


218 ^ 








f27-49 


Encounter . 


213 - 


•68 


•75 


26^29 


- 27-36 


Opal 


213 








(,27-86 


£k. • • • • 


158 


•612 


approx. ^82 


17*39 

i 


18-18 



10 



Twin -Screw Vessels. 
= 0-18 ( — L* - 11 ) . Wake percentage = lOOw. 
(From Professor MacDermott's paper.) 



Name. 


Length. 


Prismatic 
coefficient. 


Mid-area 
coefficient. 


Actual 

wake 

per cent 


Computed 

wake 
per cent. 


Surprise 


250 


•535 


•858 


5-46 


6-06 


Iris 


300 


•548 


-909 


5-46 


5-98 


Orlando Class 


300 


•663 


-879 


8-28 


7-25 


Admiral Class 


325 


•656 


•857 


10-72 


11^79 


Italia . 


400 


•655 


•867 


12-28 


12 •35 


Conqueror . 


270 


-702 


•851 


13-87 


12*96 


Great Eastern 


666 


•61 


•825 


14-45 


14-01 


Devastation . 


285 


•767 


•888 


15*04 


14-51 


Dnilo . 


340 


-776 


•874 


15-94 


16*16 


^^ • . . • 


158 


•612 


-82 


8-54 


8-27 


B . . . 


257 


•76 


•875 


14-9 


13-8 
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In Mr Baker's book, Shift Form^ Resistance and Screw PropuUion, 
the wake factor is given for typical vessels all brought to a standard 
length of 400 feet. The walce factor is the same as Mr K. E. 
Fronde's wake percentage. If we call it Wp^ and Taylor's wake 
fraction w, we have 

wp 



%0 = 



\-\rWp 



If 


Wp = -20, 


w = , - = -166. 
1+-20 


If 


lOp = -15, 


10=: '^^ =-130 5. 
1+'15 


If 


ivp = -38, 


to = , '^^_ = -248. 
1 + -33 


If 


icp = -04, 


w t= ^ '^\ = -038 6. 

1 1 .A J 



MaoDermott's Fobmula for Wake Fraction. 

(1) S.S. . 400-4 X 50-1 X 23-5 ft. mean draught. Block 

coefficient = '68. Mid-area coefficient = 'Oei. Prismatic co- 

11 'Toft 
efficient = '708. ^ = ^ = -736. L* = (4004)* = 2-714. 

w = 0-16[736x2-n4-(0-6)] 
= 0-16 X (2 --6) 
= 0-16 X 1-4 = -224. 

(2) S.S. . 375-2 X 47-8 x 23-5 ft. mean draught. A = 7 654. 

Block coefficient = -636. Mid-area coefficient = -966. Prismatic 

coefficient = -659. ^ = -681. L* = (375*2)* = 2-684. 

w = •16(-681x2-684--6) 
= 16(1 -83 --6) = •16x1-26 
= -202. 

(3) S.S. . 340 X 46-5 x 23*33 ft. mean draught. 8 000 

tons displacement. Block coefficient = '76. Mid-section co- 
efficient = -975. Prismatic coefficient = -78. f = I^=.800. 

m '975 

Li = (340)i = 2-64. 

w= *16[*800x 2-64 -(0-6)] 
= 16 x (2*11 --6) 
= -lexl'Sl = 242. 
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(4) T.S.S. . 418-5 X 52-2 x 235 ft. mean draught. A = 9 300 

Block coefficient = 634. Mid-area coefficient = 'OSC. Prismatic 

coefficient = -664. ^ = -964. L* = 2-733. 

m 



w= •18(-694x2-733-l-l) 
= -13(1 -898 -1-1)= -13 X -798 
= -103 7. 



(5) S.S. . 322 X 42-3 x 22*33 ft. mean draught. A = 6 730. 

Block coefficient = '778. Mid -area coefficient = '983. Prismatic 

« '791 
coefficient = -791. -il = -^ = -805. L» = 262. 

fn, 'Moo 



w = -16 X [-806 X 2-62 - '6] 

= -16 X (2-11 --6)= -16^1 -61 = -242. 



(6) S.S. . 355 X 48-7 x 23*5 ft. mean draught, a = 8 930. 

Block coefficient = '767. Mid -area coefficient = '976. Prismatic 

coefficient = 786. -^ = -805. L* = 2-66. 

m 

w = 16 X (-806 x 2*66 --6) 
= lexl-Sl 
= -242. 

(7) T.S.S. . 440-3 X 54*1 x 235 ft. mean draught. 

A fc= 10 195. Block coefficient = -637. Mid-area coefficient 

= -973. Prismatic coefficient = -656. ^ = -675. L* = 2757. 

m 

w; = 0-18( -676 X 2-767 -I'l) 
= -13(1 -86 -1-1)= -ISx^e 
= -098 8. 
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M 


a 






Wake fraction 


*4 . 


M*» 


Sj 


■ft ij 








«^ 


to 


so 






1 


JO 


^2 


58 


II 8 


CO 0) 

•00 


P. 


• 
S s 

1^1 




ill 


2« 


1 








h5 


«^ 


• • • 


H " 


•72 


• • • 




• • • 


•31 


•277 


S.S 


•78 


• • • 


• • • 


• • • 


•34 


•324 


• • • 


S.8. 


•76 


•78 


•975 


•800 


•33 


•81 


•242 


S.S. 


•636 


•659 


•966 


•681 


•268 


•217 


•202 


S.S. 


•767 


•785 


•976 


•804 


•333 


• • • 


•242 


S.S. 


•637 


•664 


•956 


•694 


•15 


•084 2 


•103 7 


T.S.S. 


•68 


•708 


•961 


•736 


•29 


• • • 


•224 


S.S. 


•778 

• • • 


•791 

• • • 


•983 
• • • 


•805 

• « • 


•338 

« • • 


« • • 
• • • 


•242 

• • • 


S.S. 


•637 


•656 


•973 


•675 


•15 


• • • 


•098 8 


T.S.S. 



In papers to the Institution of Naval Arcliitects in 1910 and 
1914, Mr W. J. Lnke gave the results from experiments with 
models 204 in. long x 30 in. beam x 9 in. draught,— one model 
•65 block coefficient, and the other '60 block coefficient. The dis- 
placements in fresh water respectively were 1 296 lbs. and 1 175 
lbs. The propeller was 6 in. diameter, having three blades, 1^2 
pitch ratio, and '375 disc area ratio. 

With single screws, increasing the diameter caused a decrease in 
wake and an increase in thrust deduction. The hull efficiencies 
with the larger screws were consequently less than with the 
smaller screws. The performance of the screw was noted when 
revolving behind the full model when advancing at a speed 
of 332 It. per minute (corresponding to 16 kiiots for a\40b-ft. 
ship), and when "open," or apart from model, at a speed of 
280 ft. per minute (estimated to be a suitable speed, allowing 
for wake). 

Tvrin screws, outward turning. — With the shaft centres in 
standard position, the larger the screws were the greater became 
the wake and hull efficiencies. When revolving behind horizontal 
bossings the wake fraction was as high as •32, and the hull 
efficiency 1 '10. The resistance of the bossing was least when the 
web was normal to the line of shell-plating. 
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^57 



Full model :— 

Twin screws . 
Single screws . 


W^ake. 

. -20 
. -34 


Thrust 
deduction. 

•15 
•17 


Hull 
efficiency. 

1-02 
111 


Fine model : — 

Single screws . 
Twin screws . 


Wake. 

. '22 
. •IS 


Thrust 
deduction. 

•16 

•13 


Hull 
efficiency. 
1-02 
•98 



Mr Luke found that the high hull efficiencies with the twin 
screws in the experiments were probably due to the close 
proximity of relatively small propellers to the hull of a model 
having great beam. 

Table XXVIII.— For Usk with M'Dermott's Formula 

FOR Wake. 



o = Block P = 
coef. 1 


= Pris- 

aatic 

soef. 


m = Mid- 
section 
coef. 


p 
m 


b> = Block 
coef. 


p = Pris- 
matic 
coef. 


m = Mid- 

section 

coef. 




•84 


•853 


•986 


•866 


•61 


•643 


•950 


•677 


•83 


•842 


•986 


•855 


•60 


•634 


•947 


•669 


•82 


•833 


•985 


•846 


•59 


•626 


•944 


•662 


•81 


•824 


•984 


838 


•68 


•616 


•942 


•655 


•80 


•815 


•983 


•88 


•57 


•607 


•940 


646 


•79 


•805 


•982 


•82 


•56 


•598 


•938 


•638 


•78 


•795 


•982 


•81 


•55 


•588 


•936 


•628 


•77 


•786 


•980 


•803 


•54 


•58 


•932 


•623 


•76 


•776 


•980 


•791 


•53 


•57 


•930 


•614 


•76 


•768 


•978 


•786 


•52 


•661 


•927 


•605 


•74 


•768 


•978 


•776 


•51 


•554 


•921 


•601 


•73 


749 


•976 


•768 


•50 


•548 


•914 


•600 


•72 


'739 


975 


•758 


•49 


•542 


•905 


•599 


•71 


•73 


•974 


•75 


•48 


•54 


•89 


•607 


•70 


721 


•971 


•744 


•47 


•539 


•874 


•616 


•69 


■711 


•970 


•734 


•46 


•537 


•858 


•627 


•68 


•703 


•969 


•726 


•45 


•54 


•834 


•648 


•67 


694 


•966 


•719 


•44 


•54 


•816 


■662 


•66 


686 


•962 


•714 


•43 


•543 


•793 


■685 


•65 


678 


•961 


•705 


•42 


•56 


•764 


■721 


•64 


67 


•956 


•700 


•41 


•565 


•726 


•779 


•68 


66 


•955 


•691 


•40 


•687 


•682 


•860 


•62 


651 


•953 


•684 




1 
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Table XXIX.— Wake Fraction for Calculations. 
Wake fraction from curves. (Plate 66.) 



Block 


Single 
screw. 


Twin J 


icrews. 


Block 
coefficient. 


Single 
scew. 


Twin I 


jcrewa. 


coef&cient. 


a. 


h. 


a. 


b. 


•38 


•14 


•009 


•01 


•62 


•26 


•14 


•117 


•39 


•145 


■015 


•Gfl5 


•63 


•265 


•146 


|121 


•40 


15 


•02 


•02 


•64 


•27 


•151 


126 


•41 


•155 


•026 


•024 


•65 


•275 


•157 


•13 


•42 


•16 


•031 


•029 


•66 


•28 


•163 


•184 5 


•43 


•165 


•036 


•032 5 


67 


•285 


•168 


•138 5 


•44 


•17 


•0415 


•037 


•68 


•29 


•174 


•143 


•45 


•175 


•046 5 


•041 


•69 


•295 


•179 


•148 


•46 


•18 


•053 


•045 5 


70 


•30 


•185 


•152 


•47 


•185 


•059 


•05 


•71 


•305 


•19 


•166 6 


48 


•19 


•064 


•055 


•72 


•31 


•196 


•161 


•49 


195 


•07 


•059 


•73 


•316 


•201 


•165 


•50 


•20 


•075 


•064 


•74 


•32 


•206 6 


•17 


•51 


•206 


•08 


•068 


•75 


•325 


213 


174 


•62 


•21 


•086 


•072 


•76 


38 


•218 


•179 


•53 


215 


•091 


•077 


•77 


•335 


•224 


•183 


•64 


•22 


•097 


•081 


•78 


•34 


•229 


•187 


•55 


•225 


102 


•085 


•79 


345 


•235 


•191 


•56 


•23 


•108 


•09 


•80 


•35 


•24 


•196 


57 


•235 


•113 


•094 5 


•81 


•355 


245 


•201 


•58 


•24 


•119 


•099 


•82 


•36 


•251 


•205 


•59 


•245 


•125 


•103 


•83 


•365 


•256 


21 


•60 


•25 


•13 


•108 


•84 


•37 


•262 


•214 


•61 


•255 


•135 


•112 


•85 


•376 


•268 


•219 



Txoin screws, inward turning, — Increasing the diameter only 
modified the wake value slightly, but steadily increased the 
thrust deduction and gave a much lower hull efficiency. When 
revolviM behind horizontal bossings, the standard screws showed 
a wake fraction of only '10, the hull efficiency being only '94. 
Inward-turning screws with horizontal bossings gave poor results. 

The experiments with twin screws generally showed, when 
trying different transverse positions, that the closer they " were 
placed to the hull the higher became the wake and hull-efficiency 
values. Experiments dealing with fore-and-aft position indicated 
that the further aft the screws were placed the less became the 
wake and thrust-deduction values. 

"Decrease in the value of the hull-efficiency elements accom- 
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panied decrease in pitch ratio, and neither area nor number of 
blades had any appreciable effect on wake and thrust deduction." 

Angle of bossing has a considerable influence upon the effect of 
the wake. Mr Luke's 1910 paper to the I.N.A. mentions that 
"with horizontal bossings aud propellers turning outwards, a 
large wake results, which decreases steadily with increase of slope 
of web. With propellers inward turning just the opposite effect 
is apparent." 

Various angles of shaft bossing show almost equal thrust- 
deduction values. Consequently, the hull-efficiency values show 
considerable variation with different bossing angles. When the 
model is towed at standard speed without the propellers, greatest 
resistance accompanies horizontal bossingp, and an angle of 45* 
from the horizonal offers minimum resistance. Mr Luke found 
that "an outward-turning screw should have bossings of less 
angle than the slope associated with least resistance, and if an 
in ward -turning screw be used, a steep angle of bossing should be 
adopted, in order to avoid a low hull-efficiency value." 

Mr Luke found that when the pitch of the propellers was 
increased, the wake and thrust deduction were both slightly 
increased, the resulting hull efficiency remaining practically 
constant ; and that when twin screws were given different 
clearances from the hull — whether brought about by spreadiug 
the shafts farther apart or by varying the fore-and-aft position of 
the screws, — wide clearances gave diminished wake gain, " but as 
an offset produced less thrust deduction than those obtained when 
the propellers were brought close to the hull." Well-arranged 
bossings might actually give substantially greater hull-efficiency 
value than would be obtained with no bossings, but any such gain 
was neutralised, if not exceeded, by the increase in hull resistance 
due to these appendages. 

The wake value is affected by the size of the screw to some 
extent, because the speed of the wake varies roughly in the 
manner shown on Plate 66, as the distance from the centre of the 
ship is increased, so that a small single screw works in a greater 
wate than a larger screw on the same ship. Mr Baker has 
pointed out that this result does not apply to a ship with a very 
full stern, owing to the dead-water effect. The smaller screw 
would havQ a larger slip, and probably lower screw efficiency, 
which would tend to discount the apparent gain in hull 
efficiency. The wake and hull efficiency have been found by 
Mr Luke to decrease very slightly for a given ship as the speed 
is increased, but the variation is unimportant. 
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Symbols and Working Formula for Propellers. 

Let T = the thrust of the screw in lbs. 
T.H.P. = thrust horse-power of the screw. 

Va = the speed of advance of the propeller in knots through 
the wake water in which it works. 



Then 



^^ T.H.P. X 33 000 



T = 



Speed of advance of propeller in feet per min. 
T.H.P. X 33 000 



Vax101-33 



or 



'■II 



T = T.H.P. X 60x33 000 
Vax6 080 ' 

/ 

/ / ' X = T.H.P. X 325-66 

- Va ' 

m T.H.P. 



i M. VaX -003 070 7* 

Jf Va = Vs-i/;Vs, 

where Vs = speed of ship in knots. 
w =n wake fraction. 

(1) Real slip ratio = Sg 

Speed of propeller in feet p«r min. - speed of advance of 
propeller in feet per min. 

Speed of propeller in feet per min. 

_PR-Va, 
PR 

yA = speed^'of advance of propeller through the wake water in 

which it works. 
Vs = speed of ship. 
w = wake fraction. 

Va = Vs-^Vs. 

Taylor's formulae for wake fraction : — 

For single screws, w = - -05 — '56, where h = block coefficient 

For twin screws, m — — '2 + *55&. 

EotXLmple.—U w = '333, Va = 6-836 knots where Vs = 10*25 
knots, or Va = 6-835 x 101-33 = 692 ft. per min. 

If revs, per min. = R = 66, PR = 1 081 where P = 16-4 ft. 
pitch. 

11 
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Then Sj = '358 or 35-8 per cent. 
(2) Another formula for Sj : 



r« 



where v^ = wake speed in feet per min. 
Sj = apparent slip. 

S, = Apparent slip ratio = Spegdof propeller - speed of^p ^jj j^ 

Speed of propeller 
feet per min. 
_ PR-(V8Xl01-33) ^ 1 81-(10-26 x 101-33) ^ .^033 
"PR 1081 

or 3*88 per cent. i?o = w>x(V8X 101-33). 

If Vo = -333 X (10-25 X 101-33) = 333 X 1 039 = 346 ft. per min., 
then So = S, +Tr?> = '^38 8 + ^i|- = -358, or 36-8 per cent as 

r K 1 081 

before. 

(3) We may write 

Sa = Si + Vo. 

Real slip in feet per min. = apparent slip in feet per min. + 
wake speed in feet per min., 

or 

Real slip in knots = apparent slip in knots + wake speed in 
knots. 

Three formulae for real slip : — 
Let Sj = apparent slip ratio. 



p = pitch of propeller in feet. 



revolutions per min. 
Vq = wake speed in feet per min. = k? x (Vs x 101*33). 
S = real slip ratio. 
100 X S| = apparent slip per cent 
100 X S = real slip per cent. 
w = wake fraction. 
t^Vg = wake speed in knots. 
Vg = speed of ship in knots. 

V = speed of advance of propeller (tlirough wake) in knots. 
Vs = speed of ship in feet per min. = Vg x 101*33. 

V = speed of advance of propeller in feet per min, = V x 

101-33. 
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Then for real slip ratio we have the three formulge :- 

(I.) S = S,.-|, 
(II.) \-s = {\-s,){l-xo\ 

(III.) 



or 



8 = 



P^ -{Vs-WVs) 



p^ 



q _j?N-(Vs-i(^Vs)101-33 



Thrust. (II. E. Froude's formula?.) 
T = D^V^ X B^J:^ X l:^-2S(L-^iS) 

P (1-S)2 

T = aI>R2S X 1-02(1 - -088), 

where D = diameter in feet. 

B = blade factor (see Table XXXII). 

S = real slip ratio. 

V = speed of advance in feet per min. 

p = ^ = pitch ratio. 

These provide the key figure for propeller analysis and design, 
viz. thrust in lbs. Its relation to thrust horse-power is shown 
on p. 161. 

Referring to Taylor's elliptical blades, the relation between 
mean- width ratio and area ratio is roughly somewhat as follows : — 



Mean-width 


Number of 


Area ratio 




ratio. 


blades. 


With solid 


With built 






propeller. 
•287 


propeller. 


•15 


4 


•276 


•20 


4 


•398 


•383 


•20 


3 


•298 


•288 


•25 


3 


•374 


•36 


•25 


4 


•498 


•479 


•30 


3 


•451 


•435 


•30 


4 


•603 


•58 


•35 


3 


•54 


•519 
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With the thumb-shaped blade (a rather wider-tipped ellipse), 
of mean-width ratio = '196, the area ratio with solid propeller 
would be 387, and with solid propeller about *403. In this 
type the mean width would be about 3^ per cent, greater than 
with the elliptical blade. A solid propeller would have 4 per 
cent, greater blade area than a built propeller, the boss being 
smaller. With a built propeller, with cast-iron boss and the 
blades recessed in, the radius from the shaft centre to the part 
of the blade at which the net surface begins would be about 
•265 of the half diameter of the propeller. For a built propeller 
with cast-steel boss, the figure would be about '23. For a cast- 
iron solid propeller it would be about 3^ or 4 per cent less. 

In analyses of progressive trials, where the propeller efficiency 
is found to be lower by 4i per cent, or so than in the tables, this 
majr be due to blunt bfade edges, or to the inclusion of air 
resistance in the thrust, or to the effect of a want of homogeneity 
in the wake. Models are tried in open water, while actual screws 
work* in wake more or less disturbed, i.e, in water moving past 
the screw in an undefined wav. 

« d ' 1*02 — Effective pitch for naked hull E.H.P. 

"" Face pitchfortotalK.H.P.,includingappendagesandair 

The figure 1*02 seems to answer with trial trip results, i.e, 
smooth- water trials, or with E.H.P. computed from Taylor's 
contours, with perhaps a i)ercentage addition to the E.H.P. to 
bring the results from American temperatures into line with 
average sea-water conditions. *~ 

When using I.H.P., the engine efficiency e, should be taken 
from Plate 40. Thus D.H.P. = I.H.P.xej, where e^ is the 
product of the brake H.P. of the engine x shaft transmission 
efficiency. '82 is a value of e^ used by Mr Denholm Young, and 
is an average figure for cargo reciprocating engines at sea, i.e, 
including appendages, air, and weather, at seven-eighths or nine- 
tenths full power, with engine-driven pumps. For these condi- 
tions 1*03, 1*05, or 1*09 may be found to give values of Ca and 
Go agreeing with Fronde's results. 

Selection of the Principal Dimensions of a Propeller. 

The usual propeller problem is to select dimensions suitable 
for driving the ship at a given speed with given revolutions of 
the main engines. There are in common use two methods of 
estimating the dimensions which will develop the thrust neces- 
sary to drive the ship. One is based on the water resistance of 
the naked hull of the ship ; the other on the total resistance, in- 
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eluding appendage and air resistance. Either method is sound 
in principle, and the one which should be selected will depend 
upon the form in which the basic information is available. The 
former is a good one if the E.H.P. derived from tank experiments 
on the model of the hull is available, since in passing from one 
ship of knowTi performance to another with similar means of 
propulsion it is a most reliable guide in settling the propulsive co- 
efficient. The latter is perhaps the one in more common use where 
model experiment data are not to hand. It involves an estimate 
of the naked hull as well as the appendage, and sometimes air resist- 
ance. At the best one can only make a jump in the dark at the 
two latter, and the estimates of the former, according to empirical 
rules suggested by various people, are often very disconcerting. 
It has, however, the merit that some account, albeit probably 
inaccurate, is taken of resistances which must exist in practice. 

Whatever method be selected, having settled upon the effective 
horse -power whether for naked hull or for hull and appendages, 
an estimate is made from propeller characteristic curves — thrust, 
slip, and efficiency — for model screws using effective pitch (no^ face 
pitch) of diameter pitch and area of a screw propeller which will 
develop the estimated horse-power whether for naked hull or 
for hull and appendages, rractical conditions will generally 
determine the diameter of the screw. The pitches corresponding 
to the same diameter will therefore differ by the two methods, 
since the horse- power to be developed will be different. In the 
ship the propellers must do the same work, so that in passing 
from the estimated effective pitch to the selected face pitch a 
different coefficient must be used in the two methods. Mr 
Froude ^ives in his 1908 paper a factor based on a careful 
analysis m which account was taken of total resistance of pro- 
gressive trial results of twin-screw warships expressing the 
relation between effective pitch necessary to develop naked hull 
horse- power and \}it face fitch necessary to develop total E.H.P. in 
the ship. He states that this effective pitch is equal to 1*02 times 
the ship face pitch. Consequently, if the second method of 
calculation is used, a factor greater than 1*02 must be used, since 
the pitch necessary to overcome the total resistance will be 
greater than that corresponding to the naked-hull resistance. 
This factor can only be determined from an analysis of trial 
results, but it will more nearly agree with the actual relation of 
effective pitch to face pitch of individual screws, curves of which, 
derived by a careful analysis of Mr Taylor's experiments, were 
given by Mr T. B. Abell in the Transactions of the Institution of 
Naval Architects^ 1 908. 
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In other words, the analysis pitch should be taken as 1 '02 times 
the nominal (or driving face) pitch for ship. 

Whether we adhere to Mr Fronde's 1*02 or not depends upon 
conditions of running, width of blade, and blade thickness fraction. 
1*05 to l^OO have been found to give values agreeing with Mr 
Fronde's results. 109 is not intended to be a measure of the ratio 
of effective pitch to nominal pitch, — it is only a factor used in 
comparing Fronde's figures with realisations in actual ships, and 
probably depends upon the speed of advance as much as on 
anything.* 

The usual method of using the Ca Co data " is to obtain 
diameter and efficiency for two or more of the pitch ratios for 
which curves are given, each for two or more values of disc-area 
ratio, and plot the results on a base of total blade area. In this 
way the diameter and efficiency for any intermediate pitch ratio 
is indicated," remembering the discount to be made to allow for 
portion of area covered by boss. 

p R2H/ ;> + 21 o\ 
p H / jtf + 21 \ 

Co = .^^ = ^- -y} 

p 

p = pitch ratio = — . 



r = 



revolutions 



100 

H = thrust H. P. 

V = speed of advance. 

In an interesting address to the Institute of Marine Engineers on 
7lh September 1915, Sir Archibald Denny, Bart., gave an account 
of experiments to ascertain the discrepancy between the real pitch 
and that of the driving face, showing that it varied with the 
speed of advance as well as with the width and shajje of the blade, 
and with its thickness. Experiments to find the effect of revolu- 
tions alone showed that real pitch did not remain the same 
throughout all revolutions and thrusts in the actual propeller. 

Professor T. B. Abell showed in 1910 (Trans. LN,A,) how the 
effective pitch'differed for different speeds, and gave curves, plotted 
to a base of disc-area ratio, to show the resulting ratio of effective 
to face pitch for the different three-bladed screws of Mr Taylor's 

* Perhaps when the Influence of speed of advance upon ratio of efTective pitch 
to nominal pitch has been further investiKated by experiment, another method 
will be found which will give a more satisfactory general solution. 
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Table XXX. 



Slip ratio. 


X. 


V' 


Slip ratio. 


X. 


y. 





1013 





•26 


1370 


•001 495 


•02 


1034 


•000 067 


•28 


1-407 


001 698 


•04 


1056 


•000 139 


•30 


1448 


001 922 


•06 


1078 


•000 217 


•32 


1-491 


•002169 


•08 


1101 


•000 302 


•34 


1-536 


•002 442 


•10 


1126 


•000 894 


•36 


1-583 


-002 745 


•12 


1162 


•000 494 


•38 


1-636 


-003 086 


14 


1178 


•000 602 


•40 


1-689 


•003 457 


•16 


1-206 


000 720 


•42 


1747 


•003 880 


•18 


1236 


000 849 


•44 


1810 


•004 346 


•20 


1267 


•000 989 


•46 


1-877 


•004 887 


•22 


1-299 


•001 142 


•48 


1949 


•005 49 


•24 


1-333 


001311 


•50 


2027 


•006175 



experiments. In these propellers the boss diameter was •I 95 5 of 

, , n J • i. J i.u Root thickness 1 

the propeller diameter, and the _ -= — ■,-■ ,, ^ ^ = — -. 

^ ^ ' Length, of blade to root 23 

For these curves the ordinates — =5 — -. — i- ran as in the 

Face pitch 

following table : — 
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Effective pitch ^^^ ^^^^^^ ^^^^ ^^^j^^^ .^ ^^ ,.^^ ^y^^^ . 


Disc-area 


Face pitch 








ratio 














•6. 


•8. 
1 -203 9 


1-0. 


1-2. 
1-1188 


1-4. 


•20 


1-337 2 


11416 


1 -083 3 


•26 












•30 


1-245 


1-155 


1-122 5 


1-105 


1-074 


•35 


r208 


1-136 








•40 


1-18 


M22 5 


1102 


1-086 


1-065 


•45 


1-155 


111 


1093 


ro8 


1-062 


•60 


1133 


1-10 


1-083 


1 071 


1-057 5 


•65 


1-112 


1^088 


1073 






•60 


1105 


1-075 


1065 


1^056.0 


1-052 5 


•65 


1-091 


1062 


1-056 5 


1 1^052 


1049 



Figs. 44 and 68 show other estimates. 
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Mr A. M. Gordon's propeller slide rule, the accuracy of which 
has been verified at Haslar, gives suitable propeller dimensions 
based upon Fronde's 1908 paper, which marked a distinct step in 
advance of the methods of the 1886 and 1892 papers. 

In using Mr A. M. Gordon's propeller slide rule, the D.H.P. 
should be used instead of the I.H.P. For a single-screw cargo 
steamer, take e^ = -84, making D.H.P. = '84 x I.H.P. for sizes 
about 2 000 horse-power. The speed of the ship may be taken as 
the speed at load draught at sea in moderate weather. 

For a passenger liner, the same conditions ; but if the vessel is 
of finer block than usual for the speed, the propeller may come 
out a little larger than ordinary practice, on account of the lower 
wake fraction attending the finer form, and the desired result is 
most likely to be obtained if a lower propulsive coefficient than 
•60 is taken. 

Examples. — Single-screw cargo vessel, lOj knots at 72 revolu- 
tions, corrected speed = 711, 1 900 I.H.P. Pitch ratio = -956. 
Propeller diameter = 16 ft. 9 in. Four blades. Pitch = 16 ft. in. 
Area ratio = *40. D.H.P. = 1 600. Efficiency about 64 per cent. 
Ship 340 X 46^ x 23J ft. draught. Block coefficient = -76. Pro- 
pulsive coefficient = '50. 

• Astern Power. 

On trial, 85 revolutions per minute ; 2 500 I.H.P. when going 
ahead. When put astern with engine stop valve the same 
amount open, the revolutions per minute went up to 104 ; 

3 000 I.H.P. Astern T.H.P. probably roughly -89 ahead. 

Twin-screw steamer, 418x52x23 ft. draught, 14J knots, 

4 650 I.H.P. total. 75 revolutions. Propulsive coefficient = '45. 
Block coefficient = '637. Efficiency = 71 "2 per cent. Corrected 
speed = 13-22. Diameter = 16 ft 9 in. Three blades. Pitch = 
21 ft. Area ratio = '352. For area ratio = -375. Diameter = 
16 ft. 8 in. Pitch = 20 ft. 11 in. 

Single-screw cargo vessel, 375x51*7x25 ft. mean draught. 
Block coefficient = '76. 11 knots at 72 revolutions. 2 360 I.H.P. 
D.H.P. = 1 910. Corrected speed = 76. Pitch ratio = -945. 
Efficiency = 6 485 per cent. Diameter = 17 ft. 6 in. Pitch 
= 16 ft. 6 in. Area ratio = *40. Four blades. For area ratio 
= -375, diameter = 17 ft. 9 in., pitch = 16 ft. ^ in. for same 
efficiency. 

S.S. . Four-bladed cast-iron solid propeller. Blade thick- 
ness fraction = '515. Expanded area ratio = -40. Two published 
diagrams give ratios of effective ^pitch to nominal face fpitch, 
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viZi Professor T. B. Abell's fig. 4 (Institution of Naval Archi- 
tects, 1910), and Mr T. C. Tobin's fig. 2 (Institution of Naval 
Architects, 1916). Both deal with three-bladed propellers. For 
this S.S., with four blades, the boss would be the same size 
relatively as in Mr Taylor's propellers, to which both the above 
diagrams refer.- The disc-area ratio, however, would first have to 
be multiplied by | to use the three-blade diagram for a four-bladed 
screw, as the pitch correction is based upon width of blade corre- 
sponding to area ratio. A four-bladed propeller of '40 area ratio 
would have blades of the same width as a three-bladed propeller of 
•30 area ratio, and the same pitch correction, or ratio of effective 
pitch to face pitch. The projected area would be *84 x '30 = '252. 

For blade thickness fraction *515, Mr Tobin's fig. 2 gives ratio 
of effective pitch to face pitch = 1*186. 

Professor T. B. Abell's fig. 4 gives effective pitch -h face pitch 
= 1-121. 

Our Plate 44, however, gives ratios of effective pitch -r face pitch 
lower than the above, viz. 1*02 to 1*1 say. 

In Fronde's models ^^,^\^^^^^^f^ = — , which means a very 

Blade length 16*5 

thin blade. In ordinary merchant-ship propellers with cast-steel 

or bronze blades \ is usual. With cast-iron solid propellers the 

thickness of course is greater, and for these a higher multiplier 

than 1*02 should be used in connection with Fronde's method of 

applying model data to full-sized propellers. 

T.S.S. . 7 760 I.H.P. at 14-52 knots. 96 revolutions. 

Apparent slip per cent. = 9*83. ^ ^^ = 288. Block coefficient 

= -724. Propellers built, three-bladed. D. = 17. P. = 17. 
•Expanded area ratio = 415 5. w — - -2 -I- ('556) = - -2 -I- ('55 x 
•724) => -•24- -398 = -198. (Vg x 101*33) = 14*52 x 101*33 = 
1 472. Take effective pitch -^ face pitch = 1*02. Effective pitch 
ratio = 1-02. Take " B " = -109 0. j) = effective pitch = 17*35. 
N = 96. /)N = 17*35 x 96 = 1 668. 

« ^N-1472 1668-1472 .,,^- 
^^= i>N = -1^668 = ^^^^• 

V = Vg - 2t;Vs = 14-62- (198 xl 4*52) = 1 1-64 knotsspeed of advance. 
Vo = wx(VsX 101-33)= -198x1472 = 292. 

Reals]ip = S2 = Si-KJ!^ = 117 7-1--^ =-292 8. 

|7N 1668 

Efficiency (Froude, 1908) = *691 + *002 5 = '693 5. 
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D.H.P. = 866x^5? = 3 350. H = -693 6x3 350 = 2 320. 

2 

V» = 218 700. V» = 1 577. D^ = (17)2 = 289. 



^ ^ (-96)^x2 320 ^ 
•109 0x213 700 

or with B = '112 3, Ca = 089 3. 

Co = —^ = 046 6, 

•109 0x289x1577 

or with B = -112 3, Co = 045 3. 



These values are about 16 
per cent, too high, which 
may be because we have 
taken too low a ratio of 
effective pitch to nominal 
pitch, or because the ratio 
of *' B " values for 4 blades 
to **B" values for 3 blades 
is not certain. 



Try effective pitch -r nominal pitch = 106. Effective pitch 
ratio = 1 -06. Effective pitch = 1801. If blades are bliiff- 
tipped ellipses, B = -112 3. 'p^ = 18-01 x 96 = 173 0. 

^ 1 730 

Efficiency (Froude, 1908) = -682+ -002 5 = '684 5. 
H = -684 5 X 3 350 = 2 292. 

(-96)^x2 292 ^.Q33, \ 

•112 3 X 213 700 I Not more than i per 

o 000 I cent, in error. 

Co = =^^^^ -. = 044 8. 

^ -112 3x289x1577 J 

S.S. "Anselni." 400 x 50 x 23 ft. mean draught. Single screw. 
3 840 I.H.P., 75 revolutions, 14 knots. Four blades bronze, steel 
boss. D. = 19. Face pitch = 20*5. Expanded area ratio = 
•352. Projected area ratio = -295 5. Face-pitch ratio = 1-08. 
Face-pitch apparent slip = 7^8 per cent. (14 x 101-33) = 1 419. 
Block coefficient = •es. w = -29. For modified Tobin's diagram 
for three blades, we may consider the blade areas and widths = 
|ths those of a three-bladed propeller of same area ratio, viz. 
expanded area ratio = -264, and projected area ratio = '221 5. 
As it is a built propeller, the larger boss will make the blade areas 
and widths 6 J per cent, greater than in Taylor's propeller, where 
the boss is as in a solid propeller, viz. expanded area ratio = 
•283 5, and projected area ratio = -236. For these we have 
effective pitch -j- face pitch = 1*07. Effective pitch ratio = 1-156. 
Effective pitch = 21-96. ^N = 1 646. 
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Sj = -187 5. Vo = -29 X 1 419 = 411. V = 9*94 speed of advance, 
aj = -387 5. 

The Ca and Co values so obtained do not agree with Fronde's 
data. Let' us lay aside effective pitch corrections and try 
Mr Fronde's 1*02 as a multiplier for pitch. Pitch ratio = I'lOl. 

p = 20-5X 1*101 = 20-92. 
Si = *096 2. 

S2= *096 2+J^^^= -358 2. 

Efficiency = -66 + -004 - *012 5 = '651 5. D.H.P. = *84 x 3 840 = 
3 225. H = *651 5 x 3 225 = 2 100. 



Ca = (•75)'^ X 2 100 ^ .^^^ \ 

•1090-96900 • I Agreeing with 

21 00 r.^ TMr Fronde's values. 

C^ = - "^ — - = -054 2. ' 

^ -109 0x361x982 



■■\ 



The " B" value for an elliptical blade, with 20 per cent, allow- 
ance for boss, agrees with the data. 

Calculation of Propeller Dimensions. 
By Mr R. E. Froude's CaCq Constants {Trans. Inst. N,A., 1908). 

Example 1. — S.S. "Justin," single-screw steamer, 355 x 48*7 x 
23-5 ft. mean draught. Block coefficient = '767. 1 850 I.H.P., 
1 OJ knots, 66 revolutions. Propeller, f our-bladed cast-iron solid. 
Diameter = 17 ft. Pitch = 17 ft Pitch ratio = 1*0. Ex- 
panded area ratio = -40. Blade thickness fraction = -515. Let 
diameter = D. Pitch = p. Revolutions per min. = N. Vs = 
speed of ship in knots. V = speed of advance of propeller. 
Wake fraction by Taylor's formula w — - *05 + (5 x 6) = -333. 
b = block coefficient. Using Professor T. B. Abell's 1910, fig. 4, 
latio of effective pitch to face pitch = 1*09. Effective pitch = 
18-52 ft. Effective pitch ratio = 1*09. j^N = 1 222. Apparent 
slip = S. = fN-(VsX 10133) ^ 1 222- 1 065 ^ ^ 

^ ^ p^ 1 222 

V = Vs - wYs = 10-5 - (*338 x 10*5) = 7 knots, speed of advance. 
Real slip = Sg. 
Vo = w;x(V8X 101-33)= 333x1065 = 365 == wake speed in ft. per min. 

82=81+4= 128 5 + -^= -418 5. 
* ^ pN. 1222 
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Efficiency. — Froudc's 1908 tables give -611 for three-bladed 
propeller with '45 area ratio, taking whole ellipse. The boss 
brings our area ratio *40 equivalent to about the same figure, viz. 
•464. Deduct '012 5 to correct the efficiency for four blades, 
making efficiency {e^ = '598 5. Now take D.H.P. = 835 x 
LH.P. = 1 546. Thrust H.P. = H = -598 5 x 1 546 = 924. 

(;66l^x924 ^ .^^^ 
-120 3x16 800 

^'' = •120 3xD*x343 = '^^^ ^• 

Both of these values agree with Mr Fronde's tables. The " B " 
values are corrected for boss allowance by our Plate 52. 
Or 

Ca = -C^?^^i?5?_ = -195 1. 1 per cent, too low. 
-123 8x17 200 ^ 

Co = ^ 076 4. li per cent, too low. 

•123 8x289x348 ^^ 

Single-screw steamer, 322 x 423 ft. beam x 22*33 ft. mean 
draught. A = 6 740. Block coefficient = -776. w = -338. 
Four-bladed cast-iron solid propeller. D. = 15*5. Nominal 
pitch = 16-5. Area ratio = 383. Face pitch = 1 -065. 9| knots, 
1 300 I.H.P., 68 revolutions. Try effective pitch -r face pitch 
= 1-02. Effective pitch ratio = 1 065 x 1*02 =-- 1087. B.T.F. = 
•056 5. Effective pitch = 1683 ft. pN = 1683 x 68 = 1 145. 

3^^1145-975^.^,3 3 
^ 1 145 

82= *148 6 + ^-^=: -436 6. 

I'o = «;x(V8Xl01-33) 
= •338x (9-626x101 -33) 
= 329*5. 

Efficiency (Froude, 1908) = -595 + -003 --012 5 = •585 5. 

H = 1 071 x -585 5 = '627. D.H.P. = '825 x 1 800 

= 1 071. 

Ca = _(:??!)^^2 ^ .237 ^o = ^ = '086 9. 

•124 3x10 540 -124 3x240x259 

These values of Ca and Co agree exactly with Mr R. E. Froude's 
tables. 

JzJL = 246 

I.H.P. 
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Determination of Screw- Propeller Dimensions. 

The leading methods of investigating propeller dimensions are 
based upon facts observed in experiments with actual propellers 
and model propellers. The experiments enable us to determine 
the thrust or push forward of a propeller of a given type at any 
speed of ship, pitch ratio, diameter, and revolutions per minute. 
The thrust values from Mr R. E. Froude's experimental data are 
represented by his formula 

T = aD*R2S X 1 -02(1 - 'OSs), 

where T = thrust in lbs. 

a is proportional to j9(2?+21), where jp = pitch ratio (see 

Plate 67). 
D = diameter in feet. 
R == revolutions per minute. 
S = real slip ratio. 

The two main classes of methods differ in the manner in which 
the thrust or thrust horse-power is estimated : — 

(1) Where the T.H.P. delivered bv the propeller, which is 

usually slightly in excess oi the E.H.P., is estimated 
from the E.H.P. by applying wake and thrust-deduc- 
tion factors obtained from analyses of progressive 
trials; and 

(2) in which the T.H.P. is obtained by multiplying the S.H.P. 

or D.H.P. by the propeller efficiency. T.H.P. = «2 
X D.H.P., where e^ = propeller efficiency from Plates 
50-51, based upon real slip ratio. 

The choice of a method of designing the proi)eller depends upon 
the way we get the figure for power. In the first method, the 
E.H.P. is supposed to be obtained from (a) a tank trial ; or, failing 
that (6), by calculation, using Taylor's contours for residuary resist- 
ance, adding 5 per cent, perhaps, and using our Table X. for skin 
H.P., and giving an overall percentage addition to provide for 

appendages ; or (c), from (o\ values from tank trials of ships as 

nearly similar as possible to our own. 

The first method (6), however, is one which enables us to 
calculate the E.H.P. (naked), which may be employed as the 
numerator in the " nominal efficiencv of propulsion," where the 
denominator is the I.H.P. or S.H.P. from actual service running. 
The E.H.P. (naked) = skin H.P. calculated from our tables (Tide- 
man's constants) + residuary H.P. from Taylor's contours. 

In the second method, the gross I.H.P. or S.H.P., or B.H.P. or 
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D.H.P., is estimated by the Admiralty coefl&cient. This is the 
favourite rough-and-ready method of estimating power. A 
skilled and practised estimator may handle the Admiralty formula 
with such precision that it is at least allowed to be the final check 
in most ofl&ces. 

In both methods T.H.P. is the propeller power. In the first 
method, T.H.P. = E.H.P. xa multiplier representing wake ^in 
and thrust deduction: In the second method, T.H.r. = D.H.P. 
X propeller efficiency. 

In the first method (a), — — _ .1^^ ^ f = propulsive coefficient. 

l.Jtl.r. 

In the first method (c) w ' ' ' ^^^t2 = propulsive coefficient. 

I.H.P. or S.H.P. 

In the first method (6), E.H.P.(i^ked) calculated ^ .^^^i^^^ 

I.H.P. or S.H.P. 
efficiencv of propulsion," or calculated propulsive coefficient. 

To calculate the gross T.H. P., which is the figure we require for 
propeller calculations, take the following example : — 

Let E.H.P. (naked) = 2 300 (made up of skin H.P. = 1 800 and 
residuary H.P. = 500). Air H.P. = 300. Hull efficiency = -99. 
Appendage allowance = 9 per cent, of E.H.P. (naked). Then 

the T.H.P. naked and under tank conditions = ^•^;^'i°^^^^) 

Hull efficiency 

= ?^, and the gross T.H.P. = —2^+300-^(9 per cent, x 2300). 
yy yy 

We may calculate the " nominal propulsive coefficient," for a 
series of vessels of which we know tne dimensions and perform- 
ances on trial or on service, and apply this " nominal propulsive 
efficiency" to calculate the I.H.P. or S.H.P. for a proposed ship. 
If we omit the appendage resistance and air resistance from the 
numerators of the type ships, we omit these additions from the 
corresponding figure for the proposed ship. 

fig, tne propeller efficiency, is plotted upon a base of S, the real 
slip ratio, which is usually calculated from figures for the wake 
and ship's speed (see p. 162). 

For unity pitch ratio, "B" of Froude = "a"-f22. 

In all cases *'a" oc p{p+2l) . . . . (1) 

**a" = Bxp{p^2l) . . . . (2) 



*'a" 



p{p + 21)=-^ (3) 

B = . o.x .... (4) 
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The ratio of the diameter of the bos3 to the diameter of the 
propeller should be taken into account when selecting constants 
which depend upon area ratio. The boss of a solid propeller 
cuts off roughly about 13^ per cent, of the area of the complete 
ellipse of blade contour, while the boss of a built propeller cuts 
off somewhere about 20 per cent, of the total area of the ellipse 
whose major axis equals the radius of the propeller. 

Fronde's " B " values and curves for efficiency correction are 
based upon area ratios which refer to the area of the whole ellipse. 
As there is a mean- width ratio corresponding to each area ra^^o, 
it is mean-width ratio which we ought to keep in mind when 
using constants to suit different blade-area ratios. For a standard 
form of blade outline, as the breadth of the blade at the root 
fillet bears a fixed relation to the width ratio and the area ratio, 
the ratio of effective pitch to nominal face pitch requires the 
same adjustment to the boss diameter as the " B " values, efficiency 
corrections, and other constants which depend upon expanded 
area ratio. Some curves showing the ratio of effective pitch to 
nominal face pitch for different area ratios and pitch ratios for 
Taylor's experimented three-bladed screws were given by T. B. 
Abell at the Institution of Naval Architects, 1910, and another set of 
curves for converting nominal pitch to effective pitch for Taylor's 
three-bladed model screws appeared in Mr T. C. Tobin's paper to 
the I.N. A., 1916, entitled " Note on Maximum Propulsive Efficiency 
of Screw Propellers." In both of these publications the area ratio 
was that of an actual screw having boss diameter = '2 x propeller 



correction, the 



diameter, as in Taylor's experiments. 

In using Fronde's " B ' values and efficiency 
figures for expanded area ratio and mean-width ratio of any 
actual screw which we are investigating must be first of all 
increased by the 13 J per cent, or 20 per cent of the ellipse 
accounted for by the boss, and in using curves for converting 
nominal pitch to effective pitch an allowance should be made for 
the same reason. In other words, " B " values, **A " values, 
efficiency corrections, pitch-ratio corrections, and other constants 
depending upon blaae area may be supposed to be based virtually 
upon mean-blade-width ratio. A propeller with a large boss has 
a greater mean-blade- width ratio for a given expand ed-area ratio 
than has a propeller with a small boss, and in comparing and 
estimating the performances of the two propellers any constants 
which we use which depend upon area ratio should be those 
appropriate to the respective blade- width ratios. 

Two propellers of identical diameter, pitch, and blade area, one 
with a large boss and the other having a small boss, are not so 
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like each other, so to speak, for purposes of comparison, as they 
would be if they had the same diameter and pitch and equal 
blade-width ratios — i.e. identical ratios of mean blade width to 
propeller diameter, — provided, of course, that the blade outbnes 
are in as close resemblance as possible. Curves of Froude's " B " 
values may be plotted (1) for solid propellers with area ratios as 
abscissae moved 13J per cent, to the left, and (2) for built pro- 
pellers with the abscissa scale of area ratios moved about 20 per 
cent, to the left, these modifications for actual blades giving 
higher values of the "B" constant than those tabulated in Mr 
Froude*8 1908 
applies to 
correction. 



908 paper for whole ellipses. The same modification 
"A," which is merely Bxp(p + 21), and to efficiency 



Table XXXII.—** B" Values foe Salt Water. 



Disc-area ratio. { 


•26. 


•30. -86. 


•40. 


•46. 
•107 


1 
•50. -55. -60. 


-65. 


-70. 


•75. 


Mr Fronde's three 


1 
•097 8 1-102 ^105 


•108 5 •110ol-1112 


-112 4 


-113 5 


•114 7 


blades, elliptical \ \ \ 








MrFroude'sthree! .. { •104 6! •109 7 


•112 6 -114 8 


•116 6 -118 2 


•119 5 120 7 -1218 


•123 


blades, wide tip 


+ 


■ 


1 




Mr Froude's four . . 104 110 6 


-115 9 -119 7 


•122 7 -124 9 -126 8-128 2 


•129 4 


-130 6 


blades, elliptical 




1 








Mr Taylor's three . . 091 6 -095 8 


•098 4 ^1012 


•103 7 •10611-1081 


•110 •111 2 




blades 1 


[ 








Suggested values t .. ,*097 5 •lOSS 


•108 6 •lis 2 117 1 ^120 6 ,'123 1 


•125 5 


•127 




for Taylor's four 


1 








blades i 1 


' 




Table XXXIII.— Values of "a" for Taylor's Threb-bladed 


Propeller in Salt Water. 


Pitch 




1 


1 




1 




ratio l>(l>+21). 


-25. 


•30. 


•35. 


-40. -45. -50. 


•55. 


-60. ; -65. -70. 


•75. 


(P). 












1 


1 

1 






•6 


12-96 




1-188 


1-235 


1-275 


1 ■■ ' '■ 

1-312 1 1-342 


1-377 i 1-401 


1-426 


1-441 




•7 j 15-2 




1-392 


1-449 


1-496 


1^54 j 1-576 


1-615 


1-646 


1-672 1-691 




•8 


17-43 




1-599 


1-661 


1-716 


1-768 1 1 809 


1-861 


1-889 ,1919 11-94 




•9 


19^7 




1-805 


1-878 


1-94 


1997 j 204 


2-093 


2-132 2168! 2192 




1^0 22 




2-016 


2097 


2162 


2-23 |2-28 


2-S38 


2^38 2-42 


2-448 




11 24-33 




2*23 


2-32 


2-895 


2-465 1 2^522 


2-585 


2-636 


2679 


2-71 




1-2 


26^68 




2-44 


2-54 


2-621 


2-7 , 2 76 


2-83 


2-882 


2-931 


2-965 




1-3 


29 




2-66 


2-762 


2-852 


2 94 I3005 


308 


3-139 


319 


3-23 




1-4 31-4 




2-88 


2-99 


309 


3 18 3-257 


3-387 


3-40 


3-455 


3-496 




15 33-8 




31 


3-22 


3-323 


3-425 8-504 


3-59 


3-60 


8-72 


3^762 




1*6 36-2 




3-32 


3-46 


3-66 


3-67 13-75 


3-842 


3-92 


3*98 


4 03 
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Table XXXIV.— Suggested Values of "a** foe Taylor's 

FOUR-BLADED PROPELLERS IN SaLT WaTER. 



Pitch 

ratio 

(P). 



•6 

•7 

•8 

•9 

10 

1-1 

1-2 

1^3 

1-4 

1^5 

1-6 



p(p+21). 


•26. 


12 •oe 




15-2 




17-43 




19-7 




22 




24-33 




26 •es 




29 




31-4 




33-8 




36^2 





•30. 


•36. 


•40. 


-45. 


1-348 1-432 


150 


1-65 


1-68 1-681 


1-76 


1-82 


1^812 


1^929 


2-02 


2-087 


205 


2-18 


2-281 


2-36 


2^289 


2^433 2-65 


2-633 


2-531 


2-691 


2-82 


2-915 


2-77 


2 946 


3-084 


3 19 


3-016 


3-21 


3-36 


8-47 


3-264 3^472 


3-64 


3-76 


3-516 1 3-74 


8-917 


4-05 


3-764 


'4-006 


4-196 


4-339 



•50. 


•65. 


-60. 


•«6. 


•70. 


1-59 1^618 


1-64 


1^661 


1-678 


1-865 1-898 


1-926 


1-96 


1969 


2-14 


2-176 


2-21 


2-239 


2^258 


2418 


2-458 


2-497 


2-53 


256 


2-7 


2-746 


2-788 


2-822 


2-848 


2-985 


804 


3-081 


3-122 


3-15 


3-27 


3-326 


8-877 


3-42 


3-46 


3-66 


3-62 


3-675 


3-72 


8-756 


3-85 


3-92 


3-98 


4-03 


4-062 


416 


4-22 


4-285 


4-34 


4^S8 


4-44 


4-516 


469 


4-66 


4-69 



Summary of Method for Propeller Calculation. 

Use the curves for values of wake (Plate 66) by Mr Luke. 
Assume appendage factor and air resistance calculated from 
Taylor's KAV2. 

Use Fronde's 1908 propeller efl&ciencies (Plates 49-51), based 
upon effective pitcb from some diagram like Tobin's 1916 I.N. A., 
in wbicb curves for different projected area ratios crossed by 
lines representing various B.T.F. plotted to a base of N.P.R. 
give a scale of factors for conversion of nominal pitch to effective 
pitch far coarser than 1*02, and more in keeping with blades with 
edges blunted by corrosion and ships with rough paint and shells. 
1'02 may do for brand-new clean hulls and shining bronze blades, 
but even then it should be borne in mind that in model experi- 
ments the propellers run in open water, while in actual ships 
the wake is more or less disturbed, i.e. moving past the stem in 
an undefined way. The want of homogeneity in the wake has 
probably something to do with the difference in efficiency 
between model propellers and full-sized propellers. 

Too low a value of the wake should not be taken, because it 
gives a speed of advance to work from with which maximum 
pressure in the engine is reached before there are sufficient 
revolutions per minute to yield the necessary power. 

Rougher Methods of determining Propeller Dimensions. 

The types of propellers found in merchant-ship practice do 
not depart widely from a standard type, and the experience of 

12 
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superintendent engineers with this type entitles them to some 
claim for an empirical method as one of the three main classes 
of methods, — all (it should be remembered) empirical at some 
stage. In rough methods of propeller design, wake is frequently 
not taken account of. 

A formula such as the following, 



K = 



\101-38/ 



I.H.P. 

where D = diameter in feet, 
P = pitch in feet, 
R = revolutions per minute, 
K = a constant, 

may be turned to very good account if used continually by one 
who has a large collection of indicator diagrams and speeds and 
revolutions from actual service, and, with correct values of K 
taken from actual performances, it may be as useful as the 
formula for speed and power, 

I.H.P. 

The propeller formula given above bears a close resemblance 
to Durand's formula, 

U = {p^f xcPx Mm 

where ^^N = pitch x revolutions. 
d — diameter. 
him — constants. 
U = thrust horse-power. 

The only difference is that k is substituted for the three 
constants A;, l^ m. 

As a check, the following expressions are useful : — 

Projected area x V \ where V = speed of shij) 
I.H.P. J in knots 

and 

Indicated thrust in lbs. ^ (au expression used by 
Projected area in square inches / Captain Dyson) 

when taken in conjunction with 

Disc area x V^ 

^.hTr 
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Projected area ^^^ Projected area ^^^ ^ ^^^^^j ^^^^ j ^^t 
Disc area Expanded area 

for comparing and estimating the principal dimensions of a 
propeller as tney are in calculations for blade tliickness. 

Plate 43 shows ratios of projected area -^ expanded area for 
various area ratios. 

Projected Area. 

mr, _ Projected area x V^ , Indicated thrust in lbs. 

A ne expressions • ano. =; — ; — - — = ; ; — 

I.H.P. Projected area in sq. in. 

(a figure employed by Captain Dyson), when taken in conjunction 

with — , are almost as important and useful coefl&cients 

I.H.P. 

.1. • • 1 • (Displacement)' x V^ 
as the empirical expression v^^°A^^«*;^^^^"y 1_, 

I.H.P, 

Taylor gives the following expression : — If a = pitch -f- 
diameter, projected area -r developed area = 1*067 -•229a for 
his standard blade, of which the outline is a little fuller at 
the tip than the ordinary ellipse (see Plate 43), and the ratio 

Diameter of boss _ .q^ 

Diameter of propeller ~~ 

Other blade shapes and boss diameters require other expres- 
sions for the ratio of projected area to developed area. A 
similar expression for some average blades having an outline 
like that of a man's thumb, where the diameter of boss-;- diameter 

of propeUer = -23, ig P;g jecfcedarea ^ i-q^. .204a. 

Expanded area 

If the blade is raked aft, the expression becomes (1*06 — '2040) 
sec a, o being the angle of rake if the blade is raked. 

Taking the mean width of blade as TOO, the widths may be 
figured on the contour in terms of the mean width. The widths 
for the projected area are calculated from the cosines of the pitch 
angles, and the respective areas calculated by summing and 

averaging the widths. The values of ^J^^ j:^ mav be 

Expanded area 

plotted as ordinates of a curve on pitch ratios as abscissie. 

Between pitch ratios '90 to 1*6 the line is straight. 

For merchant-ship blades of the following proportions, 

Taylor's mean width = '246, 
Fronde's width ratio = '492, 
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the ratio Projected area ^i-q^..^^ lot ordinary pitch ratios 

Expanded area 
up to 1*5. 
The above apply fairly accurately to Uades approximating in 

shape to the cubic ellipse, the equation for which is -^ + f^ • 

Examples giving some Values of K from 
Actual Practick. 

1. For a 9-knot single screw cargo steamer, with D = 16 ft. 9 in., 
P = 16 ft. 6 in., R = 68, surface ratio = O'SO, K = 280, when 
the ship is loaded ; and K = about 330, when the ship is light. 
(Roughly.) 

2. For an 11 -knot single-screw steamer about 300 ft long, when 

^ = about 11 to 1-2 and R = about 80, K = about 310 when 

P P 

loaded. With ^ = about 1*0, K = about 280 ; with ^ = about 

0-95, K = about 250. 

3. For the torpedo-boat destroyer "Biddle,"' 30 knots at 325-2 
revolutions. I.H.P. = 4 225, K = 443. (Twin screw.) 

For the same T.B.D. at 20 knots, R = 220, K = 420 ; also 
"Biddle" at 25 knots, R = 273, K = 415. 

4. The cruiser *' Diadem." D = 16 ft. 9 in., P = 22 ft. 11 J in., 
expanded surface = 58 ; at 206 knots, R = 119 1, I.H.P. = 17 262, 
K = 313. 

6. For our 460-ft. T.S.S. (see Plate 25) at full speed with 

^ = 1-24, area ratio = 0*321, K = 419. 

6. The U.S. battleship "New Jersey," K = 294. 

7. The U.S. battleship "Georgia," K = 327. 

8. A 500-f t. twin-screw Atlantic liner. Block coefficient = 0*728, 

p 
16^ knots, 90 revolutions, y^ = 1 *25, area ratio = 0*32, K = 450. 

100-ft. model 100 x 11*7 x 5*1. 

9. For an 18^-knot twin-screw steamer, 150 revolutions. Area 

ratio = 0*41, ^= 1*22, K = 410. 100-ft. model 100 x 12*8 x 4-5. 

10. For the U.S.S. " St Louis," 424 x 66 x 22*6 ft. mean draught. 

Displacement = 9 663. (Model 100 x 15-58 x 5*31.) 22-13 knots, 

,. J 36 in. -59i in. -69 in. -69 in. ,^^^0 i <-• 

cylmders ~ — —rr~. 150 78 revolutions. 

•^ 45 in. 
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13 473 I.H.P., each screw three blades. D = 18, P = 19 ft. 
O^^j^ in., area ratio = 0*36, L.W.L. coefficient = 0*67, prismatic 
coefficient = 0'61, mid-area coefficient = 0*87, wettea surface 
= 31 838. 44*92 tons per in. Transverse metacentre 14 ft. above 
C.B. K = 540. 

In using Professor Durand*s method of calculating screw- 
propeller dimensions, a slip ratio has to be definitely selected to 
work from. The slip ratio is involved by assuming a diameter 
and pitch ratio, or a diameter and different pitches, for trial of 
the method. If impracticable screw dimensions are produced, 
then a modified set of conditions must be assumed and the method 
applied again. All of the approved methods of screw-propeller 
design depend very much upon wake estimate. This is one 
reason why, at the present stage of research, the approved methods 
of calculation should be used with great caution for single screws. 
Tank experiments to ascertain the wake values, and interaction 
of hull and propeller, in single-screw cargo vessels, are very much 
to l)e desired. Testing model propellers separately, without 
reference to the model of the ship they are intended to drive, is 
of very little use. In tank research work, experiments are made 
upon the ship model without the propeller, upon the propeller 
apart from the shi]», and upon the model ship with propeller 
behind it. 

Slip ratio = slip per cent, divided by 100. 

Let S = apparent slip per cent 

V = speed of ship in knots. 

N = revolutions per minute. 
Then 

p.. , _ Vxl01-33>100 

^'^^^ - N(IOO-S) • 

Mr T. S. Cockrill* gives a convenient formula for pitch of 
propellers as a guide in roughing out a design, generally within 
2 per cent, of the most efficient propellers for all normal vessels. 
The actual dimensions for propellers can be determined in the 
later stages of the design. 
Pitch of propellers in feet 

CxK 
~ R ' 

where K = speed of vessel in knots, 
R = revolutions per minute, 
C = constant from following table : — 

* The Engineer, 14th April 1916. 
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Type of vessel. 
9- and 10-knot cargo 
12- and 13-knot cargo 
Small naval (various) 
Mail and intermediate liners 
Cross-channel 

Yachts, tugs, ferry-boats, etc. 
Launches 



c. 

109 
111 
114 
116 
120 
124 
140 



Eake of blades, or "set back," should not be given to the 
blades when the propellers are very fast-running, because of the 
centrifugal stresses. Generally speaking, rake does not affect the 
efficiency, but keeps the blade tips at a proper distance from the 
hull in the case of wing screws without unduly spreading the 
shaft centres, and gives a better clearance between the leading 
edges of the blades and the stern-post or shaft struts. 

In merchant ships a rake of from 5 to 8 degrees is given in the 
majority of cases. 

"Skew back," or curvature of the blade in the transverse plane, 
is said to have no effect on the efficiency of the screw, but many 
superintendent engineers prefer to give a little skew or " throw- 
round " to help the propeller blade to clear itself of small obstruc- 
tions in the water sometimes, and perhaps to minimise the shock 
when a blade is behind a thick web or stern-post. 

Sometimes propellers are given a pitch which increases by 
about 10 per cent, from root to tip, with the idea of moderating 
the pitch angle at the root to give more thrust and less slip and 
less churning effect. It is very doubtful if anything is gained 
by this feature, which perhaps had its origin in an attempt to 
provide variable distribution of slip over the surface of the blade, 
" assuming the propeller to work in a uniform stream," which it 
does not. Plate 48 shows a graphic method of arriving at the 
effective face pitch of such a blade. 

Various arrangements are made to break up synchronism of 
vibration in twin screws, such as three blades in one propeller and 
four blades in the other ; or, more frequently, making one propeller 
rotate three or four revolutions per minute faster than the other. 

Tug propellers are frequently made with very wide-tipped 
blades, which are less efficient when cruising than those with well- 
rounded tips, but this sacrifice is justified for the sake of the result 
when towing. Moderately small pitch ratios give the greatest pull 
when the boat is nearly stationary, perhaps 1*0 to 1*1 being the 
best, while a projected area ratio of '50 as a maximum is recom- 
mended, with roughly about 120 revolutions per minute. Towing 
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with a long tow-rope, or with the vessel alongside when the water 
is smooth, is better than towing with a short tow-rope. A 300-ft. 
cargo steamer may tow well with only 6 per cent, extra coal 
conBomption. 

Practical Method op comparing Blade Stresses and 
calculating root thickness. 

Referring to Plate 48, the blade may be treated as a cantilever ; 
the cross section of the blade at the root, just where the generating 
line ends and the fillet begins, has a width = 6 and a thickness = h. 
The modulus of section may be taken as 

The length of the blade proper is measured on the longitudinal 
section of the blade through the line of greatest thickness, which 
is usually, though not always, a straight line. If the blade is 
one that has "throw round" in a transverse plain, something 
like a boomerang, its length may be measured along the curved 
line of greatest thickness from root to tip. 

Referring to Plate 48, the load on the blade may be supposed 
to be applied to the centre of pressure, and the length of the arm 
of the cantilever measured from the root to the centre of pressure 
may be taken as f or '6 of the blade length, if the blade is of an 
ordinary shape. 

The delivered thrust per blade, W 

D.H.P. X33 00 

Pitch X revolutions per minute x number of blades ' 

The formula for a cantilever, WZ = fz, may now be applied. 
Expanded area 
The ratio Pro jected area ^^ ^ fanction of the pitch angle. 

Here we have 

W X / X Expanded ar ea 
« X I^rojected area 

where/ = the stress in lbs. per square inch at the root, h. 
W = the delivered thrust in lbs. on each blade. 
I = the length of the arm = '6 blade length.* 

hh% 
z = the modulus of section at the root, — -. 

' 13 

• With blades of abnormal width at the tip, the " arm " might be increased 
somewhat. 
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For cast iron, / = about 2 800. 

For cast steel and manganese bronze, / = about 5 500. 

When the fillet at the root of the blade connecting the blade 
to the flange (or to the boss in the case of a solid propeller) is 
of very large radius, perhaps a slightly higher stress / may be 
allowed if desired than in cases where the radius is small. 

For instance, for a blade set back a foot at the tip, 'having a 
skew back of about 8 degrees, 6 ins. would be an average radius 
for the driving face, and about 11 ins. for the radius at the 
back. A blade connecting with the usual radii to a flat flange is 
at a disadvantage in strength, compared with a blade having a 
flange shaped as if to form part of a spherical boss, even though 
the radii m the two cases are the same. If the flange must be 
flat, the radii should be increased. Bronze blades tend to twist 
to coarser pitch in the course of their work, and for this reason 
they are oiten made as thick as they would have to be if cast 
steel were the material employed. The late Mr Blechynden 
mentioned the springing of bronze blades in a paper to the North- 
East Coast Institution of Engineers and Shipbuilders, and the 
author has evidence of it with a large passenger steamer driven 
in rough weather ; the pitch of the propellers measured after- 
wards, however, was not greater than the original. Professor 
Durand speaks of it as a bending of the blade as a whole under 
the influence of the thrust, the bending being accompanied by 
a slight untwisting of the blade, thus tending toward an increase 
of effective pitch and slip so as to sensibly affect the efficiency, 
usually for the worse.* 

Most authorities state that good cast-steel propellers can be 
given the same stresses as those of manganese bronze. We should 
rather say, for merchant steamers, assume the cast steel only 
moderately good in quality, and make the blades strong but not 
too thick ; then, if bronze blades are substituted for the cast-steel 
blades, make them of the same thickness as the cast steel, to avoid 
springing. As cast-iron blades do not bend and are apt to be 
brittle, they are necessarily thicker and therefore less efficient 
than those of steel or bronze ; but a solid propeller of cast iron, 
with a small clean boss, works with less eddying than a built 
propeller, and often lasts twice as long as a set of steel blades. 
The latter are usually wasted by corrosion after two and a half 
years' work. The line of greatest thickness is usually at the 
middle of the width of the blade, t.«. /i is a maximum at a distance 

* Mr Taylor mentions in his book a vessel which much exceeded her designed 
power on trial, and also sprung her propeller blades. This may mean a per- 
manent distortion of the blades, but our remarks refer to temporary springing. 
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2 from tlie leading edge, the back of the blade being drawn an 

arc of a circle. Propellers in air show a gain in efficiency and in 
thrust by moving the maximum thickness to about '386 from the 
leading edge (not nearer). 

This design seems to give good results in water, but it is not 
certain that it is any better than the symmetrical ogival section. 

The same stress (/) and modulus of section {z) might be taken 
for either shape. 

Plate 45 shows that the thicker and narrower the blades the 

more the virtual pitch is increased as compared with the nominal 

or face pitch (the finer the pitch ratio the greater this difference) ; 

and the same is true of the slip, at least up to pitch-ratio unity, 

above which, if the blades are narrow and over a certain thickness, 

the back of the blade — to use Mr Taylor's expression — begins to 

lose its grip of the water and the increase of effective pitch over 

nominal face pitch is less marked. 

Expanded area . . . , , . ^ 

■rT^ — r-j IS the pitch-angle factor. 

Projected area ^ *=* 

When the blade has a skew back of o degrees, the ratio of the 

projected area to the expanded area is diminished by the cosine 

of the angle of skew back (cos a) ; but as we have to consider the 

length of the driving face, we should have to correct the pitch- 

an^e factor by taking the reciprocal of the cosine. The formula 

then becomes 

^ WZ Expanded area ,, 

/ = — X p ^ ■ , X sec a, 

2 Projected area 

strictly speaking. 

Calculation of Blade Strength, Root Thickness, and 
Strength of Bolts or Studs securing Blade Flange 
TO Boss. 

The usual custom of taking the I.H.P. instead of the D.H.P, 
(horse-power delivered to the propeller) is quite in order in 
comparisons and for drawing-office calculations for steamships 
driven by reciprocating engines. The S.H.P. is perhaps better, 
and D.H.P. better still. 

By means of the curves on Plate 40, the D.H.P. can be obtained 
from the I.H.P. for any ordinary engine, and there is no reason 
why D.H.P. should not be always used. 

Eocample. — Single screw, four blade.«, cast steel. Diameter 
= 16 ft. 9 in. Pitch = 17 ft. 6 in. Expanded area = 84 sq. ft. 
Projected area = 70. 
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From indicator diagrams we have the following data of I.H.P. 
and revolutions : — 



I.H.P. 


Kevolutions 


Indicated thruBt 


per minute. 


per blade in lbs. 


1771 


72-5 


11 520 


2151 


74-5 


13 620 


2 054 


73 


13 260 


2 038 


72 


13 340 


1801 


64 


13 270 


2 049 


73-5 


13130 


2 065 


71 


13 720 


1979 


70 


13 320 



By inspection, a good average seems to be 2 065 I.H.P. at 
71 revolutions. 

Lbs. indicated thrust per blade (W) = 13 720. 

D H P 
j'g'p' = '866 X -97 = -83 (from Plate 41). 

.'. Delivered thrust per blade = 11 400 lbs. 

The blades are nearly elliptical, and their breadth at root, 
where the blade proper joins tne radius or fillet to the flange, = 
36 in. The thickness is 6^ in. = h, b = 36. 

The length of the blade proper is 75-5 in. 

•6 X length of blade = 45*2 in., = (l) length of arm for load. 

bh^ 86x(64)^ 
* "" 13 - 13 " ^^'• 

_ W/ Expanded ar ea 
-^ " z Projected area 

11400x45-2x84 , „_ „ 
~ 117x70 ~ P®^ square inch stress at root. 

Cast-steel blades of these proportions worked satisfactorily on 
a pair of steamers for a number of years. Thinner blades cracKed, 
and thicker blades reduced the ship speed. 

Each blade is secured to the boss by seven studs — four on the 
driving side. Let the average stress on the studs of the driving 
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side =/. The flange diameter = the average leverage of the 
bolts from their fulcrum on the opposite side of the flange = 
about 25^ in. 

Delivered thmst per blade in lbs. x effective leverage of blade in 

inches x expanded area 

^ " Bolt leverage in inches x number of bolts on driving face x tension 

area of one bolt x projected area 

11 400x 60-6x84 
= 25-6x4x61x 70 ~ ^ ^^^ stress on bolts or studs per sq. inch. 

(This is a very moderate stress.) 

The usual drawing-oflBce custom of taking the I.H.P. or S.H.P. 
instead of the D.H.P. (delivered horse-power), is quite in order 
for comparisons and rough calculations. 

In the above example 

I.H.P. = 2 065. 



Indicated thrust per blade 

_ 2 065 X 33 000 
~ 17-5x71x4 



= 13 720 lbs. = W. 



._ Wl Expanded area 
2 Projected area 

13 720x45'2 84 

z 70 

_ 13 720x45-2 84 

117 :^70 

= 6 370 lbs. per square inch. 

Cast-steel blades of these proportions worked well, as stated 
above, for many years. Slight alterations in the thickness were 
never attended with success ; thicker blades were less efiicient, 
and thinner blades broke. Thus we have, based upon D.H.P., 
5 300 lbs. stress, and based upon I.H.P. 6 370 lbs. stress. It does 
not matter which we base it upon so long as we use the corre- 
sponding figure, but of course it is usual to stick to one basis of 
comparison. 

Example. — Let us examine the stress / at the root of the pro- 
peller blades of the Hamburg- American T. S. steamer " Kronprin- 
zessin Cecilie," illustrated in International Marine Engineering^ 
January 1908. Four manganese bronze blades. 79 revolutions 
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per minute. Diameter = 17 ft. 0| in. Pitch = 20 ft. 4J in. 
At a radius of 30f in. from the centre of the shaft the width of 
a blade is 37*6 in., the blade proper is just touching the fillet 
or radius to the flange, and the thickness of the root section at 
that part is 6| in. 

^^6A2_ 37-5x(6i)2 _ 

" 13 ■" 13 

I = '6 A length of blade proper = '6 x 73 J in. = 44*1 in. 

Indicated horse-power each propeller = 3 035. 
Take 

^•^p = -84. . •. D. H. P. = 2 550. 

Then the delivered thrust per blade 

_ 2 550x33 00 
~ 20-344x79x4 

= 13 100 lbs. 

W/ Expanded area 
^ ~ z Projected area 

^ 13 100 x44a 86_;5 
112 -5 ^69-4 

= 6 390 lbs. jier square inch. 

The springing of the manganese bronze blades of the^our-bladed 
propeller of the twin-screw passenger steamer referred to on p. 185 
occurred when the root thickness gave a stress of 7 800 lbs. per 
square inch, but it is probable that the springing was due to the 
fact that the blades were " hollow-backed," as on the right-hand 
sketch on Plate 48. The upper part of the blade in that case 
lends itself to this action. When thicker blades were fitted, 
giving a stress at the root of 7 200 lbs. per square inch, the blades 
being " straight-backed," there was an increase of 2J revolutions 
per minute, and a corresponding improvement of the ship's 
speed. In the same fleet a cargo steamer used one set of 
manganese bronze blades continuously for over twenty years 
•without change, the blades being much thinner than the average 
practice. The stress at the root worked out at 8 100 lbs. per 
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square inch. Possibly there was some springing, but there was 
no opportunity of comparing the revolutions and speed with those 
which would have been obtained by the substitution of thicker 
blades, and the propeller suited the ship very well. Two cast- 
steel spare blades were carried on board during the life of the 
ship, but they were never used. 

When blades are made with a flange shaped to form part of 
the sphere of the boss, and the blades are recessed into the boss, 
great care should be taken to have the flange periphery turned 
to gauge slightly smaller than the recess, and to see that the 
blade flange is properly bottomed when bolted on, otherwise 
there is trouble witn loosening of nuts, snapping of studs, and 
sometimes snapping of the bla^de at the root or throwing ofi" the 
blades. A flange bolted on the outside of a flat face on the 
boss gives least mechanical trouble, though it makes the pro- 
peller angular at the hub. 

If the working blades are bronze, the blade studs are usually of 
insufficient length to take the thicker flange which cast-iron 
blades would have if these were supplied as spares. In approving 
drawings of new propellers, therefore, owners may in some cases 
ask for the blade studs and nut facings to be deepened to suit 
possible cast-iron spare blades. Steel blades have the same flange 
thickness as bronze. With broUze blades the edges remain sharp 
and the surfaces smooth, and a steadier speed of ship is main- 
tained through successive voyages than when usin^ cast-steel or 
cast-iron blades which are liable to corrosion. Steel olades corrode 
quickly ; in a few months the edges become blunt, and the 
surfaces rough and deeply pitted. Their average life is two and 
a half years. 

In cargo steamers, where the draught varies considerably, and 
the blades ^re exposed to the action oi air, cast-iron and cast-steel 
blades waste rapidly at the tips. A cast-iron solid propeller is 
often very efficient for some time, but when steel and iron blades 
become blunted and roughened by corrosion some months before 
they are renewed, the efficiency must be very low. In collecting 
data from performances of blades which are liable to heavy 
corrosion, a mean should be taken from results, first with the 
blades in good condition, and then from log abstracts with the 
blades in the blunt and rough condition. 

Tug " Arary." Single screw. 7 ft. diameter x 8 ft. 9 in. pitch. 
Four blades. Cast iron loose. Expanded area = 22 sq. ft. 

Projected area = 18-5. Engines MzI^Z^ x 185 lbs. W.P. 
140 revolutions. 
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Take 230 1.H.P. at 140 revolutions. Take D.H.P. = -81 1.H.P. 
= 187. 

Tx 1. J xi. . ^.^ ^ D.H.P. X 33 000 io«Al>.o 

Delivered thrust per blade = g.75 ^ 14Q v 4 ~ 

The net length of the blade from tip to the beginning of the 
root fillet is 29j in. 

The load of 1 345 lbs. may be supposed to be concentrated 
upon the centre of pressure, say -6 x length of blade, measuring 
from the root, i.e, at 17*7 in. from the root section, where the 
radius commences to connect blade with flange. 

17*7 in. = the effective " arm " of the cantilever. 

The transverse section of the root is 17 J in. wide x 2} J in. 
thick. 

h = 17-6. 

h = 2-812 5. 

W7 Expanded area _ 1260x17-7 22 



z ^ Projected area "~ 107 18'5 

1260x17-7x22 „ . , 

= — io-7xl8-5 — ~ ^ ^ P®^ square men. 

Each blade is secured to the boss by four studs, two on the 
driving face. Let the stress per square inch on the two studs 
of the driving face =/. The flange is 13i in. diameter, and the 
bolts are 10^ in. from their fulcrum on the opposite side of the 
flange. 

Delivered thrust per blade lbs. x effective blade arm in inches x 
>, __ expanded area 

Bolt leverage in inches x number of bolts on driving face x tension 

area of one bolt x projected area 

1260x17*7x22 o«- „ . 1. X . 

= 10-625x2x1 -SOX 18-5 = ^^^ ^^'^ P'^' '^^*'^ '""'^ ^^^^°^^- 

Both of these values of/ are moderate. 

The following formulae were given by Mr T. Sidney Cockrill to 
the Liverpool Engineering Society in 1906 :— 

(1) Thickness of blades at the root : 

BH2xNxP 

= 0, 



l.H.P. 
No. of blades ^^^""^ 
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where B = breadth of blade at root in inches. 




H = thickness of blade at root in 


inches. 


N = revolutions per minute. 




P = pitch in feet. 
D = diameter in feet. 




d = diameter at root in feet. 




I.H.P. = power of engine driving each propeller. 

C = 130 for manganese bronze. 

175 for cast steel. 
225 for gun-metal. 
600 for cast iron. 


(2) The thickness at tip in inches from the following table : — 




Cast 
iron. 


I 
Cast Gun. 
steel. metal. 


High-class 
bronze. 


For propeller 7 ft. diameter 
>» >> *" >> >> 




i 1 A 

> 3 9 

1 1 

! 


i 
§ 


(3) Size of studs or bolts for securing 


loose blades to boss : — 


ax N X 


Txl 


• 





where a = area of one stud or bolt at bottom of thread in square 
inches. 

N =^ number of studs or bolts for one blade, usually 7, 9, 

or 11. 
r = radius of pitch circle of studs in inches. 

T = indicated thrust per blade. 

L = '6 X total length of blade (flange joint to tip) in inches. 

K = 1 700 for mild-steel studs. 

1 400 for forged bronze or naval bronze studs. 

Durand gives the following expression for the thickness of 
propellerblades :— 



~ ^yjwn' 
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where 



-frf. 


e. 


p^d. 


e. 


1 


110 


V7 


•74 


1-1 


1-02 


1-8 


•72 


1-2 


•96 


1-9 


•70 


1-3 


•89 


2-0 


•68 


1-4 


•85 


2-1 


•66 


1-5 


•81 


2-2 


•64 


1-6 


•77 


2-3 


•63 



t = thickness in inches at root of blade, i.e, where the 
blade intersects the hub (the fillet by which it is 
connected to the hub is extra, and is not here 
considered). 
H = I.H.P. 

e = factor from table above. 
h = length in inches of section at root of blade. 
N = revolutions per minute. 
n = number of blades. 
A _ 5 9 to 12 for bronze or steel. 
"~ ( 14 to 17 for cast iron. 

In Taylor's figures th^ thickness of blade is produced to the 
shaft centre line, CA being the distance measured, at the shaft, 
between the face and back lines of the blade produced, i.e. the 

CA 
axial thickness. Then piameter of propeUer = bla<le-tl»ickness 

fraction. 

For a merchant ship with four-bladed propeller, with cast-steel 
blades, '042 is an average blade-thickness fraction ; for example, 
8j inches axial thickness (measured along the shaft), with diameter 
= 16 ft. 9 in., and pitch = 21 ft., revolutions = 74. For bronze 
= '04. For cast-iron solid propellers for the same type of vessel 
the blade-thickness fraction is about •OSl to "055, which is nearer 
Taylor's standard for the area ratios usually adopted, viz. about 
•38 for four-bladed, and about '35 for three-bladed, propellers, 
corresponding to mean-width ratio of '25. 
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CHAPTER IX 

MISCELLANEOUS DATA, 

Noted from paper read before joint meeting of K.R Coa&t 
Inst Engineers and Shipbuilders, and Inst. Engineers and Ship- 
builders, Scotland, 4th August 1908, bj Engineer-Gommander 
Wisnom, R.N. 

S.S. "Oteki," built in 1908 bj Messrs Denny, Bombarton, 
fur the New Zealand Shipping Co. Designed for a continnons 
sea speed of 12 knots when fnllj loaded, and 14 knots with 
5 000 tons deadweight on trial Length, b.p. 465*4 x 60*3 x 31*3. 
9900 tons deadweight on a draught of 27 ft 6 in. Block co- 
efficient — about *757. Three shafts. Engines : Two sets re- 
ciprocating, driving the wing propellers, and a low-pressure 
Parsons turbine driving a centre propeller. 

Cylinders 2^ in. -39 in. -58 in. ^ ^q,) \\^ w.P. Five S.E. 
^ 39 m. 

boilers. G.S. = 305 sq. ft Total H.S. = 13 500 sq. ft 

Howden's F.D. Turbine rotor drum =7 ft 6 in. diameter. 
Lengths of blades = 4| in. to 12^ in. Two condensers. Total 
cooling surface = 6 000 sq. ft. (Contraflo). Total cooling surfeu^e 
= 6 000 aq. ft Two 16-in. bore centrifugal pumps = 160 revolu- 
tions per minute. 48-in impellers. 

Trial at Skelmorlie, Slst October 190a Mean draught = 20 ft. 
1 in. Displacement = 11 716 tons. Block coefficient = -728. 

The total feed water used for all the engines was measured by 
tanks during the trials. The water consumption as calculated 
from the number of strokes of the feed pumps was found to be 
in all cases greater than that obtained by the tank measurements, 
the difference beinc about 3 per cent, at the higher speeds. The 
results do not include make-up feed. The ** Otaki " is virtually 
a sister ship to the twin-screw vessels "Orari" and "Opawa." 
The total horse-power of the " Otaki" was taken as the I.H.P. of 

194 
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• 


5 

M 

a 

1 

OD 


B.H.P. 


H 

a 

M 
OQ 


a 
-S3 


Kevolutions per minute. 


Lbs. mean abso- 
lute pressures. 


Tol 
horse-] 


Port. 


Star- 
board. 


Centre. 


H.P. 
receiver. 


Turbine 
inlet. 


6 857 
5 348 
4 704 
3 282 
1960 


1502 

14-278 

13-829 

12-518 

10-67 


3 700 

• • • 

• •• 

• • • 


1 

2 580 ... 
2 240 ... 
2 000 ... 
1510 ... 
970 


103 
96-2 
93-1 
84-6 


103-5 
97-9 
93-5 
83-4 


224-6 
209-7 
197-2 
172-1 


193 
178 
166 
135 


9-5 
7-62 
6-76 
5-0 



the reciprocating engines plus S.H.P. of centre shaft. Scotcli 
coal was used. Evaporation from and at 212° F. = 14 lbs. The 
water consumption per E.H.P. hour was found to show a gain of 
20 per cent, in " Otaki," the propulsive coefficient of the recipro- 
catmff-engined " Orari " being -60 at 14-6 knots as against -57 in 
" Otaki" at the same speed. 

T.S.S. " Orari/' built in 1906 by Messrs Denny, Dumbarton, 
for the New Zealand Shipping Co. 

See Commander Wisnom's paper read before the joint meeting 
of the N.E. Coast Inst. Engineers and Shipbuilders, and the Inst. 
Engineers and Shipbuilders in Scotland, 4th August 1908. 

^ = 2-886 at 20 ft. 1 in. draught. 

JT 

5 = 2-54 at 23 ft. 6 in. 
11 



•60 =» Propulsive coefficient. 
D ,_. V 



Vioo; 



= 119-7. 



Vl 



= -68. 



Knots. 


I.H.P. 


E.H.P. 






At SS ft. 6 in. 






mean draught. 


14-6 


5 360 


3 210 


14-31 


5 000 




14-0 


4 590 




13-65 


4 200 




130 


3 560 




12-29 


3 000 




11-7 


2 600 
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Full-speed measured mile trials of Orient liners, 1909. All at 
24 ft. 3 in. mean draught 



Kame. 


Tons 
displace- 
ment. 


TinvH'« ' Revolu- 

1 * 


Mean 
speed 
knots. 


AlV» 
I.H.P. 


Orsova 
Otway . 
Osterley 
Otranto 


15160 
15130 
15 280 
15160 


1 

536-2x63-3' 86 11700 
535-9x63-2 93 ' 11724 
5350 X 63-2 93-5 13 790 

535-3 X 64-0 93 14 450 

1 


18-1 
18-2 
18-76 
18-95 


310 
315 
295 
289 



T.S.S. " Osterley." Progressive trial, 18th June 1909. Lloyd's 
length and beam. 535x63*2x24-25 mean draught. Block co- 
efficient = -653. Flat keel. 

Cylinders 28 j in. - 41 in. - 58^ in. - 84 in. ^ 315 ibg. w.R 

60 in. 

F.D. Heating surface = 31 038 sq. ft Grate surface = 682 sq. ft. 
Four D.E.B. Two S.E.B. 

None of the pumps were worked oflf the main engines, all were 
independent, including the air pumps. 



iluns. 


Mean 
revolutions. 


Mean I.H.P. 


Mean speed 
in knots. 


1st 


Up and down 


611 


3 743 


1301 


2nd. 


»» >> 


70-52 


5 515 5 


14-96 


3rd. 


»» >» 


77-5 


7 345 


16-4 


4th. 


it »> • 


83-3 


9 403 


17-23 


5th. 


>> ) > * 


88-15 


11167 


18-06 


6th. 


»> >> 


93-5 


13 790 


18-76 



19th June, Cloch to Cumbrae, four double runs, each of 13-66 
miles. 



Runs. 


Mean 
revolutions. 


Mean I.H.P. 


Mean speed 
in knots. 


Mean of four runs 


• • • 


12 240 


18-29 



Miscellaneous Data 



197 



Mean draught as on service = 24 ft. 3 in. Displacement 
= 16 300 tons. 8 640 I.H,P. on consumption trials. Speed 
according to revolutions = 16J knots. 105 tons coal consumed 
in twenty-four hours. 

"Otway," twenty-four hours* consumption trial, 24 ft. 3 in. 
draught, about 15 000 tons displacement, 17*16 knots mean speed, 
9 170 I,H.P., 412 miles, 127 tons coal, 1*29 lbs. per I.H.P. hour. 

" Lusitania,*' trial at 32 ft. 9 in. mean draught. Displacement 
= 37 080 tons. 



• 

8 


CO 

a 
a 

V 




• 
OB 


• cent. 


Pressures, lbs. 


Steam con> 
sumpt. per 
S.H.P. hour 


14 


9'a 




Pi 

m 

• 
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1 






of turbines. 


•3 -aw 


a • • 


FropulB 
efflci( 


• 

u 
. « 

a| 

u 


• 

u 
• 2! 


• 


• 

^^ DO 

• • 


CO >i4 S 




•47 


25-62 


76 000 


17-2 


157 


5i 




• • 


• • 


•475 


25-4 


68 850 


• • 


• • 




• • 


1277 


1-69 
(217) 


14^46 
(1492) 


143 
(1-46) 


•48 


26^0 


65 500 


186 


15 5 


135 


1 


• • 


« • 


• • 


a • 


•492 


23^7 


51300 


174^2 


14-5 


110 


* • 


• • 


• • 


• • 


•50 


23 •O 


48 000 


• • 


• • 


• • 


• • 


13-92 


2-01 
(2-65) 


15-98 

(16-57) 


166 
(1^62) 


•500 8 


22-02 


40 500 


161-5 


U3 


90 


3i" Vac. 


• • 




• • 


• • 


•615 


21-0 


33 000 


• • 


• • 


• « 


• • 


1491 


2-6 
(341) 


17-61 
(18-32) 


1-68 
(1-8) 


•5019 


20^4 


29 500 


147-6 


131 


70 


^" Vac. 


• • 


• • 


• • . 


• • 


•50 


IS^O 


20 500 


131^1 


13^7 


50 


10^" Vac. 


17-24 


372 

(4-92) 


20-96 
(2216) 


201 
(2-17) 




15^77 


13 400 


1161 


14^6 


35 


14.J" Vac. 

1 


21-33 


5-3 
(6-97) 


26-53 
(28-2) 


2-52 
(2^76) 



In the above trial the turbo-generators were exhausting to 
auxiliary condensers, other auxiliaries exhausting to heaters. 

(The figures in brackets show the estimated figures for con- 
sumption under actual service conditions for the washing-water 
supply, etc., with a full complement of passengers, weather con- 
ditions being as on oflicial trial.) 

At 65 0(X) S.H.P. on voyage, the evaporating plant and heating 
took '5 lb. steam per S.H.P. hour. Water evaporated per lb. of 
coal = 10*2 from feed temperature of 196". Evaporation per lb. 
coal from and at 212* = 10 9 lbs. Coal per square foot of grate 
per hour = 24'1 lbs. 

Triple-screw turbine steamers " Heliopolis " and " Cairo " (see 
Engineering, 24th January 1908). 525 ft. b.p. x 60*2 ft. beam. 
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Depth = 38 ft. keel to shelter deck. Gross tonnage = 12 000. 
18000 S.H.P.* Mid-area coefficient = -904. 180 lbs. boiler 
pressure. 

" Heliopolis," 21*9 knots for three hours in the Irish Sea. 
Plymouth to Marseilles in 95^ hours. Marseilles to Alex- 
andria in 72^ hours. 20'6 knots on twelve hours' trial at about 
16 800 S.H.P., 340 revolutions full power. 

"Heliopolis" at 21 ft. 6^ in. draught, 2053 knots, 366*3 
revolutions per minute. 

"Cairo/' 22 ft. draught, 206 knots, 372-5 revolutions. On 
trial, 18-35 knots, 10 800 S.H.P. 



Revolutions. 


Knots. 


200 


12-198 


261 


15-419 


314 


18-16 


346 


19-73 


372 


20-75 



Danish royal yacht "Dannebrog'' (paddle). Lengthened 
from 192 ft. to 227 ft in 1907. 227 ft. b.p. x 26 ft. 2 in. mid. 
X 9 ft. 10 in. mean draught. A = 1 063 tons. Block coefficient 
= -7. Oscillating engines, four hours' trial in 1907. Draught 
= 9 ft. 10^ in. A = 1 063 tons. 1304 knots at 937 I.H.P. 
j^pparent slip per cent. = 22-08. 





Knots. 


Revolutions 
1 per minute. 

1 


I.H.P. 


aIv' 

I.H.P.* 




8 


18-0 




210 




254 




9 


20-25 




276 




276 




10 


' 22-6 




380 




274 




11 


25-0 




536 




264 


^ 


12 


27-5 




726 




248 




13 


30 




937 




244 




13-2 


30-4 

1 




990 




242 


I.H.P. 


varies as 


V2 82 between 


8 and 9 kn 


ots. 




» 


>j 




11 


„ 12 , 


> 




» 


j» 


V8-2 


12 


„ 13 , 


> 
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French T.B.D. "Bouclier" (see The Engineer, 5th December 
1911). Four propellers, three shafts. 233*33 x 24*83 (extreme) 
X 12*6 ft. mean draught. Displacement at trials, 660 tons. Con- 
tract speed, 31 knots. Trial speed, 35*334 knots. Beam, 10*64 per 

cent, of length. ~ = 9*4. 2 = 1*988. , ^ .. = 52. 



^ = 9*4. g = 1*988. 



Viooy 



Parsons turbines, direct. Four Normand boilers with 5 277 
sq. ft. heating surface. 228 lb. W.P. 

Shaft horse-power measured by Hopkinson-Thring torsion- 
meter. One propeller on each shaft. 5 ft. 3 in. diameter 
X 4 ft. 11 in. pitch. 





Six hours' full- 


Eight hours' con- 




power trial. 


sumption trial. 


Displacement at start .... 


650-44 tons 


659*446 tons 


Average mean steam pressure at boilers 


217 lbs. 


214 lbs. 


,, „ chest pressure 


183 lbs. 




,, air pressure in stokeholds 


4*28 in. 




Pressure in liquid -fuel burners per sq. in. 


143 lbs. 




Revolutions per minute, mean 


1 034*2 


326*19 


Mean speed for full time of trial . 


35*334 knots 


14*06 knots 


Contract speed 


31 knots 


14 knots 


Shaft horse-power .... 


15 000 


1400 


Vacuum 


27*4 in. 


28-6 in. 


Consumption of fuel per hour 


21 912 lbs. 


1 915 lbs. 


,, per sq. ft. heating surface 


1 -038 lb. 




, , per shaft horse-power hour 


1*46 lb. 


1-37 lb. (nearly) 


A^V* 








221 


151 


S.H.P. 






V 

•Jl 


2-318 


•923 



Transactions American Society Naval Architects and Marine 
Engineers, 1911. Paper by W. L. R. Emmet, Esq., "Electrically- 
propelled Fire-boat, * Graeme Stewart.' " L.W.L., 111 x 27 ft. 6 in. 
x9 ft. draught to top of keel (dimensions scaled from a small 
drawing). Speed and power curves. Propeller, D = 6 f t. Pitch 
at tip, 6 ft. 9 in. Pitch at 9-in. radius = 5 ft. 9 in. Expanded 
surface = 16*6 sq. ft. Projected area = 13*75. Propeller of 
insufficient size ; excessive slip at higher speeds. 
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Miles per hour, 


Motors: total 


Hevolutions 


Apparent slip 


6280 ft. 


brake H.P. 


per minute. 


per cent. 


4-6 


63 


72 


9-1 


5 


65 


78 


9-2 


6-0 


68 


92-5 


9-5 


7 


75 


109 


10 


8-0 


120 


126 


10-9 


9-0 


184 


145 


12-3 


10-0 


295 


166 


14-4 


11-0 


500 


192 


18-5 



In this vessel General Electric Co.'s turbines drive centrifugal 
fire-pumps. These turbines are also connected to direct-current 
generators, each of the twin-screw propellers being driven by a 
motor. 

" Vulcanus," built at Amsterdam, 196 ft. x 37 ft. 9 in. x 13 ft. 
2 J in. Load draught, 10 ft. 2 in. Displacement about 1 900 tons 
(see The Shifhuilder, 1911, vol. vi.. No. 21). Single-screw direct 
ariven by Werkspoor oil-engine, reversible Diesel, 500 B.H.P. 
at 180 revolutions per minute. 8*4 knots (see below). Six 
cylinders, four-cycle. 15| in. diameter x 23f-in, stroke. Weight 
of complete installation of propelling machinery = 85 tons. 
Weight of engine alone = 42 tons. 

A similar Diesel engine of 40 to 50 B.H.P. drives auxiliary 
machinery by compressed air. 

A 10- H.P. Deutz electric-light engine. 

The Shipbuilder, No. 22, gives the following particulars : — 



Displace- 
ment. 
Tons. 



2 200 
1480 
2180 
1860 



Time. 
Days hrs. mins. 


Distance 

nautical 

miles. 


Fuel con- 
sumption 
in tons. 


Speed 

in 
knots. 


Fuel tons 

per 
24 hours. 


19 45 

19 4 15 

20 22 35 
1 19 


141 
3 263 
3 595 

360 


1-8 
375 
420 

2-0 


7-14 
7-1 
7-15 
8-38 


2-19 
1-956 
2-008 
1-115 



Lbs. fuel 

per B.H.P. 

per hour. 

•409 
•365 
•374 
•573 



By another account the cylinders of the engine were 16^7 in* 
diameter X 23^-in. stroke. Six cylinders. 450 B.H.P. at 180 
revolutions per minute. The four-stroke cycle. With 90 working 
strokes per minute, say 64 lbs. mean pressure per sq. in., we have 
(area of 16-7-in. pUtopQ x 1 86 f t. x 90 x 64 ^ ,g ^ jj p .yii^jer. 

33 000 
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Motor ship "California," Burmeister & Wain, 1913 (see The 
Engineer, 10th October 1913). 406 ft. x 64 ft. x 23 ft. 3 in. draught 
for 11 000 tons displacement. 

Two eight-cylinder Diesel engines similar to those of "Selandia." 
Cylinders 640 mm. bore x 730 mm. stroke, 2 700 combined I.H.P. 
at 140 revolutions. Well over 11 knots on '38 lb. fuel per shaft 
H.P. hour, including auxiliary engines. Separate fuel pump for 
each cylinder. Reversing gear consists of a simple compressed 
air cylinder on the lines of the Brown steam gear. 

Two three-cylinder 180 B.H.P. Diesel engines drive the 
dynamos and three-stage compressors ; cargo winches driven by 
steam provided by an oil-fired boiler with 1 000 sq. ft. of 
heating surface. The windlass is electrically driven. Hele-Shaw 
electrical steering system. 

Twin-screw if .S. T.B.D. " Balch " (from the Journal of the 
American Society of Naval Architects, and The Shipbuilding and 
Shipping Record, 26th August 1915). 300 ft. l.w.l. x30-33 ft. at 
l.w.Lx9 ft. 2J in. A= 1010 tons. Tons per inch = 14-21, 
Area immersed midship section, 190 sq. ft. Coefficient = '68. 
Block coefficient = '415. Prismatic coefficient = '611. 

Cramp-Zoelly turbines combined with reciprocating engines. 

Cruising engine — -I — with cranks at 180**, 300 revolutions for 
speed of 15^ to 16 knots. 



Progressive Trials. 





Four hours' 

full-power 

triaK 


Four hours' 

24-kTiot 

trial. 


i 

Four hours* 
15^knot trial. 


Four hours' 
l2-knot trial. 


Speed in knots 


26-618 


24-031 


15-594 


12206 


Draught, mean 


9-364 


9-54 


9-448 


9-62 


Displacement, tons 


1023-9 


1 053 


1050 


1065-5 


App. slip per cent. 


24-605 


13*67 


8-25 


7-355 


Engines in opera- 


Main 


Main 


Main and 


Main and 


tion. 


turbines 


turbines 

( 


cruising 
1 587 turbines 


cruising 
688 turbines 


S. U.P. . . 


17 251 


7124 4 


804-1. HP. 
cruising 


+ 4-23-I.H.P. 
cruising 








engine 


enguie 


Revs, per min. 


59706 


418-63 


258-31 1 

1 


-200-29 
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T.S.S. T.B.D. "Nicholson" (see Shipbuilding and Shipping 
Record, 12th Axigust 1915). 300 b.p. 306 o.a.x30 ft. 7 in. 
x30 ft. 4 in. w.l. x9 ft. 6 in. mean draught. 1060 tons. 
i.m.a. = 196-6. Area w.l. plane = 6 060. w.s. = 9 760. Tons 
per inch = 14*39. « = '426. (jf coefficient = '684. Prismatic 
= '624. l.w.l. coefficient = '66. Cramp-Zoelly turbines. Pro- 
pellers, D = 7 ft. ^ in. Three blades. P = 6 ft. 8 in. ~ = 865. 

Projected area = 28*21. Expanded area = 31*6. Disc area 
= 46*67. Four forced draft Keith fans. Four White Forster 
boilers with eleven burners in each. 12 knots = 195 revolu- 
tions ; 15i knots = 262 revolutions ; 24 knots = 415*4 revolu- 
tions ; 29 Knots = 563*4 revolutions. 



Standardisation Trials. 



Knots. 


Lbs. oil per 
nautical mile. 


Revolutions 
per minute. 


S.H.P. 


V 


14 


140 


228 


1000 




16 


160 


250 


1500 




18 


195 


292 


2 400 




20 


245 


828 


3 400 




22 


310 


367 


4 850 




24 


390 


412 


7100 




26 


... 


• • * 


10 400 




28 










30 


• • • 


• • • 


• • • 


1-732 



U.S. torpedo-boat destroyer "Cummings.'' Twin screw. 
300 ft X 30*25 X 9*25 ft. draught. A = 1 010 tons. Block co- 
efficient = '421. Parsons turbines (with compound reciprocating 
engines for cruising speeds used in conjunction with cruising 
turbines). 

Noted from Jane's Fighting Ships, 1914 : — 
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rsat 
ed. 


b' con- 
trial. 


rsat 
edwifch 
eating 
use. 




Trial. 


our hou 
fuUspe 


urhour 
imption 


our hou 

sing spe 

recipro 

Dgine in 


our hou 

S knots I 

limilar < 

dition 




h 


P 


fib •« V o) 



f^^ 


Steam pressure in lbs. . 


251-1 


1932 


205-9 


116-6 


Mean reyolutions per minute . 


615-79 


420-95 


256-07 


196-31 


Shaft H.P 


18 295 


7 246 


1961 


931 


Mean speed in knots 


30-67 


23*99 


15-47 


11-95 


Mean apparent slip per cent. . 


24-5 


13-85 


7-94 


6-95 


Boilers in ose .... 


4 


4 


1 


1 


Burners in use 


48 


19 


6 


4 


Lbs. of oil per hour 


18 284 


7 965 


2 364 


1340 


Evaporation per lb. of oil 


13-16 


13-82 


14-24 


14-78 


Lbs. oil per S. FT. P. hour . 


•999 


1-099 


1-199 


1-44 


Lbs. water per S.H.P. hour . 


1316 


1519 


17-09 


21-28 


A»V» 


157 


192 


190 


184 


Power 











Diameters of rotors : — H.P. = 48 in. L.P. = 60 in. Cruising 

turbine = 46 in. Astern turbines = 44 in. Keciprocating engine, 

16 in — 24 in 

-1— .*. Boilers of the Normand type, 12 burners to 

each boiler. Main condenser cooling surface = 10 800 8(^ ft. 
Parsons vacuum augmenter with cooling surface = 253 sq. ft. 

" Alsatian.'' Four screws (see Engineering^ 26th December 
1913). 600 ft. I.W.I. 570 ft. b.p. x 72 x 28-5. A = 22 500. 

600-mile trial run from Corse wall Point to the Longships and 
back, at 19-96 knots mean speed for the run south, tidal influences 
practically equally balanced, and 19*05 northward against adverse 
currents and strong head winds and sea. Average for the 600 
miles = 19J knots, shaft horse-power averaging 20 620, at 278 
revolutions. Coal consumption = 1*3 lb. per shaft horse-power 
hour. On the measured mile at Skelmorlie, 19th December 1913, 
mean speed 20 knots = at 28 ft. 6 in. mean draught, A => 22 500, 
285 revolutions, 21 375 S.H.P. pretty evenly divided between the 
four shafts. 
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Steam trials of H.M. armoured cruiser ** Cochrane" (see 
Engineering, 1 3th July 1906). 480 ft. x 73 ft. 6 in. x 27 ft. 13 550 
tons displacement. 

Nineteen water-tube boilers of the Yarrow type, and 
six cylindrical boilers. Engines two sets, four-cylinaer triple 
reciprocating. 



Knots. 


I.H.P. 


Revolu- «^^j „ p 


Dtv'. 
I.H.P. * 


14-3 

21-37 

23-292 


4 911 
16 080 
23 649 


8275 i 
122-35 ; 
135-2 i 


338 
344 
303 



Torpedo vedette-boats for the Roumanian Government (see 
Engineering, 19th April 1907). B.p. about 96 ft. x 13 ft. x2 ft. 
9 J in. draught. 51 tons displacement. 100 ft. over all. Two 
sets compound engines, screws running in tunnels. Cylinders 
8^ ij^-_17 in. 
"9 in. 



X 185 lbs. pressure. Propellers 3 ft. 3 in. diameter. 



Three-bladed. 

One water-tube boiler, with oil .fuel. Four hours' trial. 

Mean speed = 18036 5 knots. Mean I.H.P. = 622*7. Mean 

D§y3 
revolutions per minute = 5548. = 129*5. 

I.H.P. 

Hydraulically propelled steam lifeboat *' President Van Heel," 
used at the wreck of the "Berlin" at the Hook of Holland, 
built by John I. Thornycroft & Co. Ltd., Chiswick, in 1895. 
55 ft. overall. 53 ft. l.w.l. xl3 ft. 6 in. mid. (15 ft. over 
sponsons)x5 ft. 6 in. mid. depth. Extreme draught fully 
loaded = 3 f t. 3 in. About 3 in. trim by the stern, keel stepped. 
Block coefficient seems to be -47 (see Intematimial marine 
Engineering, December 1907). 

The load, consisting of crew, four tons of coal, mast and sails, 
some thirty or more passengers, and tanks full of fresh water, 
with the propelling machinery and boiler, gave a displacement 
of about 30 tons. 

Thornycroft boiler, 145 lbs. working pressure per sq. in. One 
compound surface condensing engine, driving direct a nearly 
horizontal centrifugal pump, the impeller of which, 30 in. in 
diameter, delivered the water by which the pump was fed, by 
a scoop-shaped inlet amidships, through four outlets in the sides 
of the Doat, two for ahead and two for astern ; cylinders = 8J in. 
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and 14^ in. x 12-in. stroke. The engine had no reversing gear : 
valves in the discharge pipes from the centrifugal pump con- 
trolled the direction ahead or astern. Engines designed for 
260 I.H.P. The mean speed over six runs on the measured mile 
was 9'294 knots, | knot in excess of that guaranteed by the 
builders, which was 8J knots in the fully-loaded condition. On 
trial, 140 lbs. pressure, 449 revolutions per minute, 220 LH.P. 
Taking guarantee figures. 



DIV^ _ (30)ix(8'6)» _ 03.7 
I.H.P. "■ 260 ~ 



n/L 



^ = 1-168. 



The results of trial give 

LH.P. 



= 36-2. 



v'l 



= = 1-277. 



Screw ferryboat " Cincinnati " ^described in the Proceedings of 
the American Society of Naval Architects and Marine Engineers, 1896, 
in a paper by Mr F. L. Du Bosque). Dimensions of actual vessel : 
L.W.L. 200 X 39-208 X 11-208 ft. extreme draught. 8-in. ketl. 
Keel, 180 ft. long. Take the dimensions as 200 x 39*208 x 10-6 ft. 
mean draught. Block coeflQcient = 0*402. Wetted surface = 
7 469 sq. ft. Displacement = 953 tons. Mid area = 244 sq. ft. 
Mid coefficient = 06 15 4. Coefficient of water lines = 0*756. 
Large ratio of displacement to wetted surface. 

One screw at each end. Trial with aft screw only. 



.nets. 


in statute 1 
per hour. 1 


(in 

• 


W 

a 


• 
an 

i 

'S 

3 


• 

a 

4) 

U 
V 
Pi 


B removed. 

tow-rope 

stance. 


Am' 

• 


CO 

> 




HP. 1 


HP. 


n 


M 


6 


M 




> 


0, 

•mm 
•— < 

GO 




» 


«« 


H 


-H 


03 




no 




• • • 




CO 




125 






5*21 


23-25 


• • • 


2 700 


43-15 


.392 


19-9 


6-08 


7 


132 


35-6 


• • • 


• • • 


3 130 


58-4 


165 


•442 


22 8 


6-945 


8 


176 


52-2 


• • • 


• • • 


3 880 


82-8 


186 


•474 


30-6 


7-81 


9 


250 


72-6 


91 


19-5 


4 950 


118-7 


185 


•475 


46 1 


8-69 


10 


364 


98 


108 


24-5 


6 400 


170-5 


175 


•469 


72-5 


955 


11 


620 


128-5 


115 


27-5 


• • 1 


• ■ ■ 


163 


• • • 


• • • 


10-41 


12 


720 


163-7 


128 


28 


• • • 


■ • • 


152 


• • • 


• • ■ 



The I.H.P. is varying as the fourth power of the speed at 9*84 
knots. 



2o6 Steamship Coefficients, Speeds and Powers 



T.S.S. 1906 (derived). Progresaive trial. Dimensions : 348 x 
44 1xl6-4 ft. mean draught. Trim 6 in. by the stern. Dis- 
placement = 5 150 tons. Block coefficient = 0'716. Mid-area 
coefficient = 0*932. Prismatic coefficient = 0*768. 



Knots. 


dIv' 

; I.H.P. ' 


Eevolutlons. 




8 

10 
12 
13 

14 


538 
1020 
1900 

2 610 

3 290 


285 
293 
270 
260 

249 


69 
84 
92 

100 1 


Highest speed 
on trial. 


14*5 


3 740 1 * 242 


104 





The I.H.P. varies as the fourth power of the speed at about 
12*68 knots, but there is a hollow in the curve higher up. 

S.S. . 260x36*2x17 ft. 3 in. mean draught (trial). 

A = 3 533 tons. » = '783. Mid area immersed = 572 sq. ft. 
Mid-area coefficient = '943. Prismatic coefficient = '83. Cal- 
culated wetted surface =15 600 sq. ft. 

One engine ^^^^^^T^^^^ x 120 lbs. Two S.E.B. 12 ft. 6 in. 

39 in. 

diameter X 10 ft. 6 in. Four plain furnaces, 46 in. inside dia- 
meter. Q.S. = 84 sq. ft. H.S. = 2 720 sq. ft. Superheater, 
72 tubes ; area through tubes, 56*5 sq. in. Extended surface 
= 800 sq. ft. Propeller, 14 ft. in. diameter. 18 ft. 3 in. pitch. 
58 sq. ft. expanded surface in four C.I. blades. Solid. 
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• 
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• 
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• 
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M 
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m 

M* 


2^ 

1^2 


OQ 


> 

16 


Is. 

450 


£2 
650 


H 

i 

276 


t 




61*6 


9*695 


234 


86-5 


120 


306 


12*69 


56*75 


8*99 


676 


260 


31*4 


120 


10 


26 


450 


560 


• •• 


294 10*46 


49*6 


8*147 


486 


268 


26*6 


• • • 


• • • 


• • • 


... 


• • • 


• • » 


284 1 7*85 

i 



B„ = 13-91. 



B = '•''• 



^ 
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Wetted surface by Mumford's formula == (260 x 17-26 x 1-7) 
-H(260 X 36-2 X -783) =14 990 sq. ft. Adding 4 per cent, gives 
15 600 sq. ft. 

Wetted surface by Taylor's fig. 41. C = 16-25. ~ = 204. 
S = C VDL = 16-25X \/3 533 x 260 = 15600sq. ft. 

"Chicago," twin-screw. Actual ship: 315x48*25x19 ft. 
mean draught. Displacement = 4 543 tons. ^ = 3*15. P* = 55*4. 
Wetted surface calculated = 18 460 sq. ft. Propellers, four 
blades. Propeller diameter = 15 ft. 6 in. Pitch = 22 ft. 6 in. 
Pitch ratio = 1*45. Surface ratio = 0*413. Block coefficient 
= 0-551. Mid coefficient = 0*868. Prismatic coefficient = 0*635. 

Total weight of machinery = 937 tons, including water. 
Fourteen boilers, 9 ft. x9 ft. 10 in. = 190 lbs. W.P. 



Knots. 


I.H.P. 


Skin H.F. 


Bevolutions. 


Apparent 
slip per cent. 


DlV» 
I.H.l*.' 


16-33 

18-27 

10-47 

4-32 


4 606 

2 793 

1441 

210 


1180 

784 
404 

• • a 


70-4 
59-3 
46-8 
19-9 


10-2 
7-7 
7-8 

10-34 


214 
230 
218 
105 



I.H.P. varies as the fourth power of the speed at about 
14*64 knots. 

Passenger steamer. Single-screw. Actual ship : 285 x 35 x 
15-625 ft. mean draught. Displacement = 2 543. Prism, 
coefficient = 0*633. Wetted surface = 13 000. Block coefficient 
= 0*594. Mid-area coefficient = 0*938. 



Knots. 


I.H.P. 


Skin H.P. 


Div' 
I.H.P.* 


6 029 


161*8 


59-2 


253 


9 964 


653*5 


248 


283 


11272 


1190 


443 


290 


18 959 


1928 


637 


263 


15158 


2 808 


806 


•231 



I.H.P. varies as the fourth power of the speed at about 13*9 knots. 
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T.S.S. "City of Paris" (from rough figures given by Sir W. H. 
White). Actual ship: 525x63x21*25 ft. mean draught. 
(Clipper.) Corrected here to 517 (effective length) x 63x21-25 
mean draught in feet Block coefficient = 0*581. Displacement 
= 11 550 tons. Displacement given elsewhere as 13 000 tons at 
23 ft. draught Wetted surface calculated = 38 000 sq. ft. 



Knots. 


I.H.P. 


Div' 
I.H,P.* 


Skin H.P. 


10 
14 
18 
20 


2 000 

4 600 

10 000 

14 500 


255 
304 
297 
281 


710 
1840 
3 760 
5 070 



I. H. P. varies as (speed)* at about 1 9-3 knots. The si)eed at trial 
was higher than 20 knots. 

T.S.S: "Normannia" (afterwards " L'Aquitaine ") (from Pro- 
fessor W. F. Durand's book, Resistance of Ships and Screw Pro- 
pulsion). Actual dimensions : — 498*7 x 57-4 x 22*25 ft. mean 
draught. Displacement = 10 500 tons. w = 0*582. Mid area 
= 1 169 sq. ft. Mid coefficient = 0*915. Prismatic coefficient 
= 0-636. 

Engines, three-cylinder triple, two sets, ^Q i^- - 67 in. - 106 in. 

66 m. 
Propellers, three blades, diameter = 18*12 ft Pitch = 26*74. 



Pitch 



= 1*48. Area = 87*6. Area ratio = 0*313. Boiler 



Diameter 

pressure = lb. sq. in. 



Knots. 


I.H.P. 


Skin 
h.p. 


Revolu- 
tions. 


App. 
slip 
per 

cent 


Div' 
I.H.P. 


Indie, 
thrust lb. 


Lb. 

mean 
pressure 
ref. L.P. 
cylinder. 


20-75 
18*63 
14-53 
10-12 


16 244 
9 616 
4 310 
1570 


6 230 

3 860 

1900 

686 


92 6 
80 
60 
40 

1 


150 

11-7 

8-2 

4-2 


264 
323 
341 
315 


217000 

148 500 

88 600 

48 400 


30 
20-6 

• • • 

• • • 



I.H.P. varies as (speed)* at about 19 knots. 
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T.S.S. " City of Lowell." Pleasure steamer ruiming on Long 
Island Sound. (Described in tlie Proceedings of the American 
Society of Naval Architects and Marine Engineers^ 1895, by Pro- 
fessor Denton.) Built by A. Gary Smith, New York. Engines 
by Bath Ironworks, Maine. For 600 passengers, 420 tons freight. 
Actual vessel: — (L. W.L.) 319-9 x 48 x 12 ft. 10 in. mean draught. 
Displacement = 2 445 tons. Block coeflScient = 0*434. Midship 
area = 467 sq. ft. Mid coefficient = 0*76. Prismatic coefficient 
= 0*572. Wetted surface = 13 855 sq. ft. Augmented surface 
= 15 399 sq. ft. Air and bilge pumps on each main engine. 



Cylinders, 



26 in. -40 in. -64 in. 
36 in. 



Propellers, four-bladed 
Pitch 



solid manganese bronze, polished and sharp. -— = 1*5. 

Diameter 

Diameter = 1108 ft, 23 in. diameter boss. Pitch = 16*63 ft. 

Projected area = 33*56 sq. ft. Expanded surface = 46*86 sq. ft. 

Immersion, 16 in. Both screws turn same direction. Area ratio 

= 0*486. Slip at 111 '2 revolutions = 7 per cent. 



Trials. 
Date. 


Knots. 


I.H.P. 


Revolu- 
tions. 

108-1 
125-9 


Tons A pp. 1 Indie, 
displace- slip per thrust 
ment. 1 cent, j lb. 

1 


Dlv» 
I.H.P. 


Mean 
pressure 
ref. L.P. 


May 29 
May 30 


16-2 
19*27 


2 727 
4 347 


2 546 
2 445 


8-73 50 000 
6-9 68 500 


291 
299 


21-73 
29-65 



Total feed per hour, all purposes, per I.H.P. main engines 
= 17*5 lb. Feed water consumed by main engines alone, per 
I.H.P. hour = 15-16 lb. Probable percentage of total feed con- 
sumed by auxiliaries = 11*25. Water evaporated per sq. ft. 
heating surface per hour lb. = 19*3 at 16*2 knots. Coal per sq. ft. 
grate, per hour lb. = 16*7 at 162 knots. 

Ferry-boat ** Edgewater." Propeller at each end of boat. Trial 
with aft screw only. (Proceedings American Society of Naval 
Architects and Marine Engineers^ 1902.) Actual vessel : — L.W.L. 
173 X 34 X 9*8 ft. trial draught. Displacement = 687 tons. Block 
coefficient = 0-417. Wetted surface = 5 764 (to base) sq. ft. 
Propellers, one at bow, 10*03 ft pitch; one at stern, 10*19 ft. 
pitch ; 8 ft. diameter ; boss 18 in. diameter. Expanded surface 
= 31*9 sq. ft. Projected surface = 26*4 sq. ft 



14 
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Trial with One Screw Astern Pushing. 
No Propeller Forward. 





Knots. 


LH.P. 


^Bevolu- 
tions. 


Mean 
pressure 
ref. L.P. 


I.H.P. 


Steam 

lb. 
press. 


App. 

slip per 

cent. 


Down 

Up 
Down 

Down 

Down 
Up 

Down 
Up 

Up 
Down 


6-84 
7-01 

8-86 

8-77 

10-28 
10-42 

10-72 
10-39 

11-5 
11-27 

1252 
12-61 


120 
143 

209-9 
224-5 

868-5 
890-7 

468-5 
408-1 

654-6 
570 

1 016 
949 


78*6 
80-9 

99-8 
99-7 

120-7 
122-7 

130-7 
126-7 

143 
138-6 

166-5 
164 


9 07 
,10-46 

12-42 
13-22 

17-46 
18-8 

21-15 
18-97 

26-61 
24-1 

36-2 
34-07 


208 

188 

257 
234 

233 
226 

206 
214 

181 
195 

151 
166 


136 
135 

136 
133 

133 
131-5 

137-6 
136 

127 
136-5 

123 
111 


13-38 
13-83 

11-72 
12-41 

15-7 
16-37 

18-31 
17-9 

19-92 
19-12 

26-1 
23 4 



„ . V J 22 in -30 in. -30. in. n- . j .i • 

Engine cylinders, — — Piston rods, 4| in. 



diameter. 



24 in. 
Summary. 





I.H.P. 




Trnfltft 








Total. 


Skin. 


6-92 


i 
131-5 1 


40 


8-81 


217-2 


79-2 


10-28 


374-6 


122-8 


10-55 


438-3 


132 


11-38 


612-2 


163 


12-56 


982 


215 



I.H.P. varies as (speed)* at 11-5 knots. 
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2 000-ton T.S. Y. Actual dimensions :— 260 x 34*45 x 14*7 ft. 
mean draught. Disjdacement = 2 000 tons. Block coefficient 
= 0*554. Fine midsnip section. 

Progressive Trial. 



Knots. 


I. H.P. 


Skin H.P. 


Revolutions. 


dIv^ 
I.H.P. 


Percentage 

Bngine 
Efficiency. 


16*1 

15-86 

15*26 

14-87 

14-01 

12*9 
11*9 
10*9 
9*92 


3 730 
3 400 
2 797 
2 470 

1864 

1324 
979 

• •• 

560 


808 
776 
692 
639 
545 

438 
342 

• • • 

205 


158*5 

155 

145-0 

140-4 

128*8 

115*5 

105-8 

95*3 

85-5 


178 
186 
203 
212 
235 

258 
273 

• • • 

276 


87*8 
87*5 
86*3 
85 6 
84*3 

81-9 
79*5 
76*8 
73*8 



I.H.P. varies as (speed)* approximately about 14*55 knots. 

T.S.S. "Guardian" (from Professor Durand's hook. Resistance 
of Ships, etc.). Actual ship: — 104*6 x 20 x 7*75 ft. mean draught. 
Displacement = 222 tons. Block coefficient = 0*480. Mid-area 
coefficient = 0*748. Mid area = 116 sq. ft. Prismatic coefficient 
= 0*642. Wetted surface calculated = 2 378. Propellers, four 
blades. Pitch ratio = 1*60. Surface ratio = 0*566. 



Knots. 


I.H.P. 


DiV* 
I H.P. • 


Skin H.P. 


Revolutions. 


Slip 
per cent. 


12*33 

11-84 

9-94 


1060 
804 
374 


64*8 
75*6 
96-1 


86*3 138*6 
76*9 j 128*7 
46-8 1 102-8 

1 


18*0 
15*3 
11*0 



I.H.P. varies as (speed)* at about 10*56 knots. 
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Steam yacht, twin-screw (about 100 ft. long). 100-ft model: — 
100x21x706 ft. mean araught. Displacement = 184 tons. 
Block coefficient = 0'435. Midship area = 99*4 sq. ft. Mid- 
area coefficient = 0*67. Wetted surface calculated = 2 110. 
Prismatic coefficient = 0-66. 



Knots. 


i.h.p. 


Skin h.p. 


App. slip 
per cent. 


Dlv» 
I.H.P. 


5-97 
7-71 

8-64 

9-06 

9-72 

10-29 


42-7 
82-6 
118 

146 
200 
263 


9-86 
20-4 
27-13 

321 
39-2 
46 


20-89 
20-22 

22-7 

23-48 

26-2 

27-3 


161-3 
180-3 
167-2 

166-7 
148-8 
133-7 



Lh.p. varies as (speed)* at about 9 knots. 

North Sea trawler (see The Shipbuilder^ December 1913). 
Length b.p., 92 ft. Breadth mid., 21 ft. 8 in. Depth mid., 
10 ft. 8 in. Displacement = 260 metric tons. Draught forward, 
7 ft. 3. in. Draught aft, 11 ft 2 in. Block coefficient = -486. 
(English tons displacement = 256.) 

The displacement of 260 metric tons are made up as follows : — 

Hull and equipment 136 tons. 

Machinery 

Bunker coal . 



Feed water 
Ice . 

Drinking water 
Crew and effects 



Engines triple, steam reciprocating, 



52 

50 
8 

10 
1-5 
2-5 






10 



260 tons. 

in. — 16 in. — 26 in. 

17^ in. 
Estimated speed, 



120 revolutions per minute. 230 I.H.P. 
9 knots. Propeller, 8 ft diameter. 

^!X!_- (256)t X (9)« _ 38-3x729 ^ .^.. 
LH.P. ■" 230 230 ** 

The midship section coefficient is frequently about -825 in this 
class of vessel. 



i. 
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In this vessel ,, ^f^ ^ =245. —^ = 330. -X,= -939. 
Mean draught ( ^L] V^^ 

VlOO/ 

Taking Block coefficient ^ :486 p^s^^^ic coefficient = -69. 
Mid-area coefficient '825 

French torpedo-boat destroyers " Fourch6 " and " Faulk " (see 
The Shiphuilding and Shipping Record^ 6th November 1913). 
Length w.l., 246 ft Breadth, 24 ft. 9 in. Length b.p., 237^ ft. 
Astern draught, 9 ft. 6 in. Displacement on full load, 850 tons. 
Draught amidships, 8 ft. 8 in. Midship section coefficient = 760. 
Mean prismatic coefficient = •768. Block coefficient = '684. 
Turbines, direct-driven twin screws. Propellers, diameter = 6 ft. 
11 in. Pitch, 6 ft. 5 in. 

(1) Fourdh^. Full-power trial, six hours' duration. Displace- 
ment = 729 tons on draught. Astern, 8 ft. 3 in. Probably 
draught amidships = 7 f t. 5 in. Block coefficient = -581. Mean 
prismatic coefficient = '765. 680 revolutions per minute. Mean 
speed, 33-20 knots. B.H.P. = 18 500. Liquid fuel, 185 lbs. 
pressure at burners. Du Temple boilers. 1040 tons fuel per 
hour. Smooth sea. Knots per ton of fuel burnt = 3*19. 
B ^ 3.34, D_ ^ g^.j Y^^ g.jgg 

H /_L_Y ^L 

VlOO/ 
Propellers 

„_ \101-33y ... 

^ S.H.P. = ^^^- 

(2) 14-knot consumption trial, six hours' duration. Displace- 
ment = 725 tons. Liquid fuel, 141 lb. pressure at burners. 
Mean revolutions = 242 per minute. Mean speed = 14-3 knots. 
Knots per ton of fuel burnt = 15-38. 

S.S. . 418-2 X 54-4x26 ft. draught. Block coefficient 

= -755. Carrying 17 000 bales of cotton. Built in 1906. 

-n, . 24iin.-35in.-51 in -74in. ^, ooAiv rnr a -d t> 
Engines, — ? -=-; x 220 lbs. Three S.E.B. 

° ' 51 m. 

9 c.f. G.S., 159. II.S., 7 290. F.D., 2 250 I.H.P. usually at sea. 
lOj knots. 62 revolutions. 30 tons coal per day (moderately 
good coal). 14 expansions. 12 700 tons displacement. 

The engines sometimes develop 2 500 I.H.P. for J knot more, 
i,e. for lof knots. 

D»V» 64 4-3 x(10i) « _ o.n 
I.H.P." 2 2f0 - ^ ■ 
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The engines of the later ships of the line work with 16i ex- 
pansions with greater economy and less wear and tear. Pernaps 
» = *752 is about the best commercial block coefficient for these 
vessels, which are 456 x 56 x 38, with engines of 54-in. stroke. 
The draught may be increased to 29 ft. 5 in. 



U.S. scout « Salem." Trials. 
















« 5 o 

00 


— O g 




♦ 

• 




4 

CO 

> 
< 


• 
• 




Fall speed, 4 hoars 
24 hours at 22^ knots 
24 hours at 12 knots 


25-947 
22-636 
11-937 


378-39 

312535 

16411 


19-8 
16-7 
15-15 


21833 

10 378 

1511 


19 200 
9 340 
1360 


197-5 
266-5 
271-7 


1-81 
1-78 
2-68 



From the standardisation runs the propulsive efficiency was as 
follows : — 



Knots. 



12 
14 
16 
18 
20 

22 
24 
26 



E.H.P. 
B.H.P. 



•548 
•564 
•578 
•591 
•609 

•62 
•64 
•592 



The Argentine torpedo-boat destroyer "Jujuy" (see The Ship^ 
builder^ December 1912). Length overall, 289 ft. 2 in. Length 
W.I., 286 ft. 6 in. Length b.p., 280 ft. Breadth extreme, 27 ft. 
Depth, 17 ft. Of in. Draught normal and at trial, 8 ft. 8^ in. 
Displacement normal, about 995 tons. Displacement maximum, 
about 1 290 tons. 

Taking breadth on water-line at 26 ft. 3 in., block coefficient 
= •544. Two propellers, each four-bladed ; diameter = 7 ft. 6 in., 
shaft centres, 10 ft. 6 in. apart. Curtis Glermanaia turbines, total 
S.H.P. = 24 000 at 640 revolutions. Contract speed, 32 knots. 

Sister ships realised 34 knots average speed on six hours' trial, 
the power attained being in excess of the above figure. 

* Equivalent I.H.P. based on assumption of 10 per cent, engine frioUon. 
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S.S. " p.'' Trial. Actual dimensions : 226 x 34-16 x 12'33 ft. 
draught. Displacement = 1 820 tons. Calculated wetted surface 
= 9 980 sq. ft. Immersed mid area = 390 sq. ft. Block coefficient 
= 0'67. Prismatic coefficient = 0*734. Mid-area coefficient = 
0-926. Propeller pitch = 14-76 ft. 



Knots. 


LH.P. 


Skin H.P. 


DtV» 
I.H.P. 

• 


5-4 


120 


33-8 


195 


7-0 


220 


70-9 


232 


8-6 


400 


127 


237 


9-25 


510 


156 


232 


9-84 


650 


185-7 


219 


10-0 


680 


194-7 


219 


11-61 


1275 


294 


183 


12-0 


1490 


323 


173 



I.H.P. varies as (speed)* at 1052 knots. 

U.S.S. "Yorktown.*' (Paper by Mr D. W. Taylor, American 
Society of Naval Architects.) Tank trials with model 20 ft. long. 
Displacement 2 405 lbs. in fresh water, corresponding to dis- 
placement of ship in salt water of 1 680 tons. Ship, 230 x 36 
X 14 ft. draught. Block coefficient = 0-508. Resistance curves 
are given at various draughts of water and trim. Mid-area co- 
efficient = 0*868. Prismatic coefficient = 0-585. Actual model: — 
20x3-15x1-219 tt. mean draught, at normal draught and trim. 

Beam _ 36 
Draught 14 



Knots. 


Besistance in lbs 












Total. 


Skin. 


Residuary. 


3 


6-8 


5*6 


1-2 


4 


13-26 


9*75 


3-51 


4*5 


20 


1217 


7*83 


5 


26-2 


15-1 


11-1 


5-4 


35-8 


17*6 


18-2 


6 


70 


21*45 


48-05 
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lOO-ft model: 100 x 15'67 x 6*09 ft. mean draught, normal 
draught and trim. Displacement = 138*3. >=r :r-- = ^. 

Salt water. 



V 


Knots. 


e.h.p. 


Resistance in lbs. 


Lbs. residuary 
resistance 
per ton of 

displacement. 


©. 


Vl 


Total. 


Skin. 


Residn. 
ary. 


•670 5 
•895 
1-007 

1119 
1-208 
1-34 


6-705 
8-95 
1007 

1119 
12-08 
134 


161 
41-6 
721 

104-5 

155 

346-6 


782 
1517 

2 333 

3 042 

4 185 
8 430 


628 
1066 
1326 

1614 
1846 
2 240 


154 

451 

1007 

1428 
2 340 
6190 


1-147 

3-35 

7-5 

10-6 
, 17-4 
46 


•856 
•93 
1139 

1-205 
1-419 
231 



(Salt) Residuary resistance of lOO-ft. model _ /lOOy 36 
(Fresh) Residuary resistance of 12-ft. model ~ \ 20 / 35 * 

Skin resistance of lOO-ft. model = '009 70 x wetted surface x 
Vi«3. E.H.P. = total resistance x V x -003 070 7. 

In this analysis the skin resistance of the 20-ft. model was 
calculated from the coefficients / = '008 34 and w = 1*94 given 
in Table I. At the Washington tank / = -009 7 and w = 1*854 
are used, and give the same result at the highest speed (6 knots), 
but 3 per cent, higher values of the skin resistance at 4 knots, 
and b\ per cent, higher than our values at 3 knots. In other 
analyses with 20-ft. models we have kept to Taylor's constants, 
/ = -009 70 and n = 1*854 (Table IV). 

U.S.S. "Yorktown." 100-ft. model. 100 x 15*67 >< 609. 

A = 138-3. § =— . Wetted surface = about 2 000. 
xi 14 

100-ft. model compared with 20-ft. model. V = speed in 
knots. 



36 Wave resistce. 100-ft. model 

X — — - 

35 Wave resistce. 20-ft. model 
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Tank trials of fine models. (From Sir A. Denny's paper to 
the International Engineering Congress, Chicago, 1893.) 

Actual Models. 





In feet. 


Lbs. 

dig. 
place- 
ment. 

405 
318-75 
238-6 
171 


Mid 
area. 


Wetted 
skin. 


Coefficients. 


Model. 


Length 


Moulded 
breadth. 


Moulded 
draught. 


Prism. 


Mid 
area. 


Block. 


A 
B 
C 
D 


11-951 
11-951 
11-951 
11-951 


1-414 6 
1-414 6 
1-4146 
1-414 6 


-7317 
-6097 
•487 8 
-3792 


-9565 
-784 
-6121 
•4576 


23-96 
20-83 
17-75 
14-96 


-6673 
•6451 
•522 7 
•6012 


-928 8 
•908 8 
•8868 
•862 7 


•624 2 
•496 6 
•463 6 
•4276 









Lbs. resistance. 




Feet 










per min. 


Knots. 


— _ 


1 









A. 


B. 


C. 


D. 


240 


2^37 


1-48 


1-29 


1-07 


•94 


300 


2-962 


2-39 


2^0 


1-7 


1-46 


340 


3-367 


318 


2-75 


2-22 


1-81 


360 


3-558 


3-83 


31 


25 


204 


380 


3-75 


• • • 


3-52 


2-9 


2-35 


400 


3-95 


• • • 


4-24 


3-5 


2-85 


420 


4147 


• • • 


5-37 


4-45 


3-62 


440 


4-346 


• • • 


7*0 


6-64 


4-37 



Knots. 


Resistance in lbs. of tank model " D." 








Total. 


Skin. 


B«8iduary. 


2-37 


•94 


-72 


•22 


2-962 


1-45 


1-138 


•332 


3-357 


1^81 


1-414 


•396 


3-568 


204 


1-58 


•46 


3-75 


2-35 


1-76 


•59 


3-95 


2-85 


1-94 


•91 


4-147 


3-52 


2144 


1-376 


4-346 


4-37 


2-336 


2034 
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2 446 
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Crniser Colorado 
Despatch vessel Iris 
Cruiser Monmouth 
Guardian . 
Cruiaer TerpEichoie 

a) Gunboat Argus 
e) Dntch tugboat 
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No. 2 model derived from Yorktown. Actual model : — 20 x 

2-35 X 1-629 ft. draught, ^.^^"t = 41- 

® Draught 18-7 



Knots. 


Lbs. resistance. 










Total. 


Skin. 


Wave. 


3 


6-8 


6-6 


1-2 


4 


12-8 


9-75 


3-06 


4-5 


19-6 


12-17 


7-33 


6 


23 6 


16-1 


8-6 


6-4 


32 4 


17-6 


14-8 



100-ft model:— 100x11-74x8*14 ft draught Displacement 
138-3. 



Knots. 


e.h.p. 


Lbs. resistance. 


Total. 


Skin. 


Wave. 


6-706 

8-96 

10-07 

11 19 

12-08 


16-0 
39-73 
69-3 
91-9 
137 


778 
1447 

2 241 
2676 

3 695 


628 
1066 
1326 
1614 
1846 


150 

381 

916 

1061 

1860 



(See Plate 22.) 

No. 4 model derived from Yorktown. Actual model : — 20 x 

2-872 X 1-331 ft mean draught. ,^^,^ = ^• 

° Draught 15*3 





Lbs. resistance. 


Knots. 










Total. 


Skin. 


Wave. 


3 


6-66 


6-6 


1-06 


4 


12-8 


9-75 


3-06 


4-6 


19-6 


12-17 


7-83 


5 


24-9 


16-1 


9-8 


6-4 


83 -6 


17-6 


16-2 
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100-ft. model :— 100 x 14*36 x 6*65 ft. Displacement = 138-3. 



Knots. 


e.h.p. 


Lbs. resistance. 


Total. 


Skin. 


Ware. 


6-705 

8-95 

10-07 

11 19 

12-08 


15-62 
39-8 
69-8 
97-4 
143-6 


759-2 
1447 
2 241 

2 839 

3 871 


6-28 
1066 
1326 
1614 
1845 


131-2 

381 

915 
1225 
2 026 



(See Plate 22.) 

No. 5 model derived from Yorktown. Actual model: — 20 x 

3-392 X I -123 ft. mean draught. ^^^"\ = -^. 

^ Draught 12*9 



Knots. 




Lbs. resistance 


• 










Total. 


Skin. 


Wave. 


3 


6-8 


5-6 


1-2 


4 1 


13-8 


9-75 


4-05 


4-5 


20-06 


1217 


7-89 


5 


27-2 


15-1 


12-1 


6-4 


36-4 


17-6 


18-8 



100-ft. model :— 100 x 16-98 x 561 5 ft. draught. Displacement 
138-3. 



Knots. 


e.h.p. 


Lbs. resistance. 


Total. 


Skin. 


Wave. 


6-705 

8-95 
10-07 
11-19 
1208 


15-94 

43-2 

71-5 

107-5 

155-5 


775 
1672 
2 812 
3127 

4 195 


628 
1066 
1326 
1614 
1845 


150 

506 

986 

1518 

2 350 



{See Plate 22.) 
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Beam 



a6 



for 



No. 7 model derived from Yorktown. — -— =s — ^ , 

Draught 11*2 

the 230-ft. vessel. Actual model :— 20 x 3*915 x 0*976 ft. mean 

draught. Displacement (fresh water), 2 405 Ihs. 



V 


Knots. 


Lbs. resistance. 


7r 










Total. 


Skin. 


Ware. 


•670 6 


3 


7-28 


5-6 


1-68 


•895 


4 


14-74 


975 


4-99 


1007 


4-5 


21-6 


1217 


9*43 


1119 


5 


29-6 


15-1 


14-4 


1-208 


5-4 


39-5 


176 


21-9 



100-ft. model :— 100 x 1957 x 4*87 ft. mean draught. Displace- 
ment Csalt water) = 138-3 tons. 

No. 8 model derived from Yorktown. «^ ^^^ ^ = — — , for 

Draught 10*5 ' 

the 230-ft. vessel. Actual model:— 20x4-18x0*914 ft. mean 

draught. Displacement (fresh water) = 2 405 lbs. 



V 


Knots. 


Besistance in lbs. 


Vl 


Total. 


Skin. 


Wave. 


•670 5 


3 


7-7 


5*6 


21 


-895 


4 


15*9 


9-75 


6*15 


1-007 


4-5 


22*6 


12*17 


10*43 


1119 


5 


31-5 


15*1 


16-4 


1-208 


5*4 


42-2 


17-6 


24*6 



100-ft. model :— 100 x 209 x 4*57 ft. mean draught, 
ment = 138*3 tons. 



Displace- 
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Trials of tank models. (From curves in Sir A. Denny's paper 
to Chicago Congress in 1893.) Full model : — 12 ft. long at various 
draughts. (Humps very pronounced at deep draughts.) 



M 
N 
O 
P 

Q 

K 



Dimensions iu feet. 



Length. 



12 
12 
12 
12 
12 
12 



Beam. 



Mid. 
draught. 



2-4 
2-4 
2-4 
2-4 
2-4 
2-4 



1-82 
1-1 

•9 

•7 
45 

•2 



Lbs. 

dis- 
place- 
ment. 



1 905 

1555 

1239 

928 

556 

218 



Sq.ft. 

midship 

area. 



3-079 
2-56 
2-073 
1-595 
•988 
•400 



Sq. ft. 

wetted 

skin. 



52-95 

471 

41-95 

36-65 

3015 

23 



Coefficients. 



Prism. 



-826 
•815 
-798 

•777 
•751 
•728 



Mid 
area. 



•972 
•966 
•960 
•949 
•915 
•833 



Block. 



•803 
•787 
•766 
•738 
•687 
•607 



Lbs. Resistance, 



Hump 
Hollow 



Feet 
per mill. 



240 
260 
280 
300 
320 
340 
360 
38t) 
400 
420 
460 



Knots. 


M. 


N. 
6-6 


0. 


P. 


Q. 


2-37 


6-6 


4-7 


4 


27 


2-562 


9-5 


7-9 


6-5 


5-0 


3-5 


2-762 


13-5 


11-3 


9-0 


6-4 


4.4 


2-962 


160 


13 3 


10-6 


8-1 


5-7 


3159 


18-4 


15-0 


13-0 


10-5 


7^6 


3-357 


25-0 


21-5 


18-5 


14-0 


9'5 


3-558 


85-6 


32-5 


27-0 


20-0 


129 


3-75 


53-2 


45-3 


36-5 


27-0 


16-9 


3-95 


70 


67-7 


46-4 


33-4 


20-2 


4-147 


« • • 


67-4 


53-5 


38-5 


23-6 


4-54 


• • • 


• • • 


61-4 


47-3 


29-5 



R. 



20 
2-5 
30 
3-7 
4-3 
51 
6-8 
7-3 
8-6 
96 
12-0 



100-ft. models (deduced from Sir A. Denny's 12-ft. models). 
(From the curves in Sir A. Denny's paper to the International 
Engineering Congress at Chicago, 1893.) 
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Full Ships. 

















Coefflcients. 




Length. 


Mid. 
breadth. 


Mid. 
draught. 


Dis- 
place- 
ment. 


Mid- 
ship 
area. 


Wet 
skin. 








Prism. 


Mid. 


Block. 














3 672 




area. 




M 


100 


20 


11-0 


505 


213-9 


•826 


•972 


•803 


N 


100 


20 


0-26 


416 


178-9 


3 270 


•815. 


•966 


•787 





100 


20 


7-6 


328 


144-1 


2 912 


-798 


•960 


•766 


P 


100 


20 


6-83 


245-5 


110-7 


2 545 


•777 


•949 


•738 


Q 


100 


20 


3-76 


147-2 


, 68-6 


2 092 


•751 


-915 


•687 


R 


100 


20 


1-666 


57-8 


27-74 


1597 


-728 


•833 


•607 







• 




Knots. 2-37 


2-762 


2 962 1 8-357 


1 
3-558; 3-75 ' 8*96 


•s 


1 


1 


II 


A 






•799 


1 


1027 


1 


1 


Vioo/ 


V 


•685 


•867 5 -969 


1 
1 

1082 1-14 






«(tz) 




Vl 










1 


M 


5 


1^818 


505 




N 


5 


2^18 


416 







5 


2-67 


328 




P 


5 


3-48 


245^5 




Q 


5 


5-333 


147-2 


• 


R 


5 


12 


57-8 





a.S. battleship "Wyoming" {The Shipbuilder, 8, No. 27, 
1912 ; see also paper by Lieut.-Commander H. L. Brinser, 
U.S.N., Journal of the Anierican Society of Naval Engineers). 
554 b.p. X 93 ft. 24 in x 28 ft. 6 in. mean draught, trial, designed. 
Displacement at above draught = 26 000 tons. Tons per inch 
= 88-41. Midship area = 2 620 sq. ft. Block coefficient = 618. 
Propellers three-bladed, solid, bronze. Four shafts. Diameter 
propeller = 10 ft. Pitch = 8 ft. 2^ in. Projected area = 41-06 
sq.ft. 12 Babcock & Wilcox water- tube boilers. 215 lb. W.P. 
Total H.S. = 64 234 sq. ft. Grate surface = 1 428 sq. ft. Weight 
of one boiler complete including water = 58 tons. 12 F.D. 
(blowers) fans, Sturtevant Multivane centrifugal, double inlet 
type, with impellers 29|^ in. diameter outside, and running at 
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965 revs, per minute, capable of maintaining sufficient air for 
the maximum rate of combustion. 





Knots. 


Revs. 


8.H.P. of 
all turbines. 




10-29 


146-9 


2 968 


• 


1274 


181-0 


5 611 




16-06 


214-5 


8 814 




17-50 


255-6 


16 884 




18-95 


277-8 


1^978 




20-89 


808-8 


27 806 




21-46 


321-3 


32126 

r 



Lancashire and Y<5rk8hire Railway Co.'s turbine Channel 
steamers "Duke of Cumberland" and "Duke of Argyll," built 
by Messrs Denny, 1910. 330-7x41-1x13 ft. mean draught 
(equipped and loaded under service conditions). Bow rudder. 
Three shafts. Three-bladed propellers, D. = 5 ft. 10 in., P. = 5 ft. 
3 in. Steam-driven dynamos for lighting. Five single-ended 
boilers, 16 ft. 6 in. diameter x U ft. 3 in. H.S. = 27 446 sq. ft. 
Grate surface = 754 sq. ft. 21 knots average speed on official 
trials. 



Revolutions per minute. 



Steam pressures. 



Vacuum. 





L.P. 


Boiler 
steam. 


H.P. 
turbine. 


L.P. turbines. 


Port. 


Star- 


H.P. 


Port. 


Star- 
board. 


1 

i>r»i^ ' Star- 
^''^- board. 


board. 


'604 


499 


504 


151 


133 


16 17 


284 


284 



" Ben-My-Chree." Lloyd's dimensions : — 375*0 x 46 2. (See 
Mr Blackburn's paper. Trans. Inst. T.N. A.) Bow rudder to facili- 
tate manoeuvring. Four D.E.B. G.S. = 754. H.S. = 27 446. 
Three shafts. Power necessary for propelling the ship astern 
(at 16*6 knots) was about twice that required for going ahead 
at the same speed. Full speed ahead, 24^ to 25 knots. Propellers 
all of same dimensions : — Diameter = 7 ft. 2in. Pitch = 6 ft. 8 in. 

Average for ten consecutive trips (five double runs) on Liverpool 
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aervice, from July 21st to 27tli, 1908. Mean draught, 13 ft. 6 in. 
Displacement, 3 353. Douglas Head to Mersey Bar, 2 hours 
19*3 minutes = 24*12 knots speed, 56 miles. Steam pressures : 
— Boiler steam, 164 lbs. Main steam pipe, 146^. H.P. receiver, 
133*4 lbs. ; P.L.P. receiver, 19*6 ; S.L.r. receiver, 19*5 ; vacuum 
port, 27^ in., starboard, 27 in. ; revolutions per minute, H.P., 
454 ; P.L.P., 459 ; S.L.P., 456.'^ 

The U.S. scout cruiser " Chester." Four shafts direct driven 
by Parsons' steam turbines. A description of ship, machinery, 
and preliminary acceptance trials is given in tne May 1908 
numbier of the Journal of the American Society of Naval Engineers, 
in an article by Lieut. A. F. H. Yates, U.S.N. 

An accoimt of the trials is given also in a paper by Mr Ohas. P. 
Wetherbee in the Transactions of the American Society of Naval 
Architects and Marine Engineers, The average E.H.P. derived 
from model experiments was given in tlfis paper, and the pro- 
pulsive coefficient at full speed, in the opinion of the author of 
the paper, was about '51 at full speed on the four hours' acceptance 
trial, but no torsionmeter measurements of shaft horse-power 
were made on any of the trials. ' 

The following figures are from curves : — 



Knots. 


B.H.P. with 


A pp. slip 


BevoIntioDs 


Lbs. coal per 


appeudages. 


per cent. 


per minute. 


B.H.P. hour. 


12 


750 


17-3 


257 


5*4 


14 


1200 


17*3 


286^ 


4-39 


16 


1820 


17-4 


328 


3*7 


17 


2 250 


17-5 


348 


3*49 


18 


2 700 


17-6 


369 


8*3 


19 


3 250 


17-7 


390 


3*2 


20 


3 840 


18 


411 


3*09 


21 


4 500 


18*15 


431 


3 01 


22 


5 250 


18*5 


454 


3*0 


28 


6 200 


18-9 


478 


2*99 


24 


7 500 


20 


506 


2-95 


25 


9 300 


22 


541 


2-92 


26 


11720 


25 


585 


2*89 


27 


14 910 


about 28i 


643 


2-87 



Designed for 24 knots. 420 ft. x 47 ft. 1 J in. extension x 16 ft. 
9J in. mean. A = 3 775 tons. 31*1 tons per inch. Beam on 



Miscellaneous Data 



235 



L.W.L. » 46 ft. 11^ in. Immersed midship area ^ 665 sq. ft. 
Area L. W.L. plane = 13 070 sq. ft. Wetted surface =« 22 250 sq. ft. 
Block coefl&cient = '39. Mid-area coefficient = '73. Coefficient 
fineness L. W.L. = '66. Mean prismatic coefficient = '535. Four 
propellers, three-bladed, solid, manganese bronze. 6 ft. diameter 
X 6 ft. mean pitch. Projected area = 17*02 sq. ft. Expanded 
area = 19 sq. ft. Area ratio = '673. Immersion : inboard, 5 ft. 
9^ in. ; outboard, 4 ft. 9^ in. Twelve Normand W.T. boilers. 

Official four hours* trial, 26522 knots. Mean draught, 16 ft. 
6 in. A = 3 673 mean. Trim 8 in. by the stern. 55*08 lbs. 
coal per sq. ft. grate per hour. 13 300 E.H.P. 26 100 I.H.P. 

Barge : — 200 ft. long x 27 ft. broad. Resistance curve from 
experiments in Messrs Denny's tank, from Sir A. Denny's 
remarks on Major Eota's paper, Trans. Inst. Naval Architects, 
1900. Model, 12 ft. long, in 18 ft. depth of water. Model, 
12 X 1*62 X 0*27 ft. mean draught. Displacement in fresh water 
= 274 lbs. Block coefficient = *837. Mid-area coefficient « -989. 
Prismatic coefficient = 846. Calculated wetted surface, W.S. = 
22-78 sq. ft. Skin resistance = '009 08 x W.S. x V^-^*. 



Data. 


Analysis. 


Speed in feet 


Knots. 


Lbs. re- 


Lbs. skin 


Lbs. residuary 


per min. 


. sistance. 


resistance. 


resistance. 


100 


•998 


•4 


•206 


•194 


180 


1*78 


•9 


•63 


•27 


250 


2*47 


20 


1-198 


-802 


800 


2-96 


41 


1-69 


2 41 


840 


3-36 


6-0 


2-17 


3-88 


380 


8-75 


8*9 


2*685 


6-215 


400 


3-96 


10-2 


2-96 


7*24 


460 


4*64 


13-9 


3-88 


10-02 


500 


4-94 


16 1 


4-59 


11-52 
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lOO-ft. model of above barge :— 100 x 13*5 x 2*25 ft. mean 
draught. Displacement in salt water = 72*6 tons. Calculated 
wetted surface = 1 680 sq. ft. Skin resistance = 009 70 x 1 580 

y,^ Residuary resistance of 100-ft. barge in salt water _ 

Residuary resistance of 12-ft. model in fresh water" 
( — - ) X ;r- . The multiplier -- is used for passing from fresh 
water to salt water. 



Knots. 


Lbs. skin 


Lbs. residuary 


Lbs. total 


B.H.P. 




resistance. 


resistance. 


resistance. 




2'88 


118 


115 


233 


206 


"S fl 


614 


306 


160 


466 


7-37 


f^^ 


714 


562 


476 


1038 


227 




«-55 


779 


1430 


2 209 


563 


9 72 


984 


2 280 


3 264 


975 


0X0 

H .0 

II J^ X 

. C 00 


10-85 


1206 


3 690 


4 896 


163 


11 41 


1320 


4 300 


5 620 


197 


^:zt 


181 


1700 


5 960 


7 660 


308 


w§^ 


14-28 


1900 


6 840 


8 740 


382 


w * 



" Bayem." Twin-screw. Actual ship :— 321 -5 x 60 x 1962 ft. 
mean draught. Displacement = 7 370. Block coefficient = 0*682. 
Mid-area coefficient = 0*882. Prismatic coefficient = 0*773. 
Wetted surface calculated = 23 800 sq. ft. / = 3*21. 



Knots. 



10*65 
13*69 
14*04 
14-29 



I.H.P. 


Skin 
H.P. 


1 
Bevs. 


1796 
4 122 

4 804 

5 488 


545 
1103 
1 175 
1238 


64-4 
76*9 
84 
91-6 



App. 
slip 
I)er 

cent. 



10*2 
3*4 
9*3 

11*2 



DjVS 
LH.P. 



255 
235 
217 
201 



Propellers. 



No. of 
blades. 



4 

4 
4 
4 



Pitch 
ratio. 



114 
1 06 
1-14 
1*09 



Surf, 
ratio. 



402 
•368 
•402 
•402 



The I.H.P. varies as the fourth power of the speed at 13*45 knots. 

lOO-ft. model of * * Bayem " :— 100 x 1 8*7 x 61 1 ft. mean draught. 
Displacement = 223 tons. Wetted surface = 2 310 sq. ft. 
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U.S. B.S. "Maine." Twin-screw. (From paper by Assistant 
Naval-Constructor Powell, U.S. Navy.) Curve **B," or I.RP. 
from mean of revolutions over measured mile, Delaware break- 
water, 1 6th July 1902. 23 ft. 2 in. mean draught. Actual dimen- 
sionfi (from Professor Peabody^s book) : — 388 x 72*2 x 23*5 ft. mean 
draught. Block coefficient = 0*66. Displacement = 12 260 tons. 
Wetted surface = 34 490. 



Enoto. 


I.H.P. 


Skin H.P. 


Revs. 


Div' 
I.H.P. 


9 

12-3 
14-08 
16 
18-15 


.1480 
3 460 
5 300 
8 500 
15 600 


486 
1167 
1707 
2 475 
8 520 


• • B 

78-5 

• • • 

• • • 

122 


261 
235 
279 
256 
204 



I.H.P. varies as (speed)* at about 16-36 knots. 

100-ft. model of " Maine." 100 x 18*6 x 6*06 ft. mean draught. 
Displacement = 210 tons. Wetted surface = 2 291 sq. ft. 

First-class cruiser "Monmouth." Twin-screw. (Engineering^ 
75, 22nd May 1903.) Actual ship :— 440 x 66 x 24*6 ft. mean 
draught. Displacement = 9 800 tons. Engines, triple, 22 000 
I.H.P. at 140 revolutions. 260 lbs. steam. Thirtv-one boilers. 
Trial, bad weather. Block coefficient = 0-484. wetted surface 
calculated = 33 300 sq. ft Propellers, diameter = 15-76 ft 
Pitch = 20*0 ft. Expanded surface = 80 sq. ft. Area ratio 
- 0-41. 



Knots. 


I.H.P. 


Skin H.P. 


EeTs. 


dIv« 

I.H.P. 


10-13 


1760 


652 


60-2 


272 


1810 


3 585 


1347 


77-8 


287 


16-93 


7 860 


2 770 


101-3 


283 


19-0 


11066 


3 840 


1133 


284 


21-4 


16 320 


5 410 


127-8 


275 


22-8 


22185 


6 500 


139 


245 



The I.H.P. is varying as the fourth power of tbe speed at 
about 21^ knots. 
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lOO-ft. model of *' Monmouth." 100 x 15*0 x 5-57 ft. mean 
draught. Displacement = 115 tons. Wetted surface calculated 
= 1 720. 

Triple-screw Japanese Trans- Pacific passenger liners "Chiyo 
Maru" and "Tenyo Maru." (Paper by Professor S. Terano and 
Baron C. Shiba, Trans. Inst, Naval Architects, 1911.) 550 b.p. x 
63 mid. X 31 ft. 8 in. load draught (to Lloyd's Summer Freeboard). 
Load displacement = 21 660 tons. Block coefficient = '691. 
Thirteen S.E. boilers = 15 ft. 9 in. diameter. Total grate surface 
= 981 sq. ft. 

At 24 ft. 9 in. draught, 20*6 knots on trial, 20000 S.H.P. with 
Denny-Johnson torsionmeter. Parsons turbines direct. On 
ordinary service 18^ knots with twelve boilers, about 18 500 
S.H.P., and 1-05 lbs. fuel oil per S.H.P. hour, 1*52 lbs. best 
Takashima coal for same result. Ten boilers ordinarilv used 
in service, sometimes using the forward six boilers with coal. 
20 to 22 tons coal for 14 tons oil fueL 

An average result is 1503 knots, 8 950 S.H.P., at 27 ft. 4J in. 
mean draught, with 129*5 lbs. fuel oil per day, 18 220 tons dis- 
placement, on the run from San Francisco to Honolulu. In the 
records of sea performances at various draughts, the shaft horse- 
powers named in the paper were taken from the trial power at 
the speeds tabulated, corrected for displacement, the correction 
employed assuming the shaft horse-power to vary as (Displace- 
ment)!. See Plate 24. 

H.M.S. ** Barham." Cruiser. Actual ship dimensions : — 280 x 
35 X 13*26 ft. mean draught Displacement = 1 830 tons. Wetted 
surface calculated = 11 130 sq. ft. Block coefficient = 0*495. 



Knots. 


Revs. 


I.H.P. 


Skin H.P. 


10*138 


100*1 


651 


224 


14*266 


143*5 


1701 


679 


17*653 


177 


3 242 


1047 


19*512 


201-2 


5 008 


1414 


20*069 


210*4 


6 870 


1628 



Actual ship dimensions: — 280x35x12*5 ft. mean draught. 
Displacement -« about 1 730 tons. Wetted surface calculated =« 
10 770 sq. ft. 
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Knots. 


Revs. 


I.H.P. 


Skin H.P. 


10-078 


101-2 


616 


212-4 


14164 


148-9 


1899 


552 


17-837 


183-5 


3 683 


1060 


19-685 * 


204-4 


5 410 . 


1380 


19-491 


202-2 


5 280 


1365 



I.H.P. varies as (speed)* at about 18*65 knots in both cases. 

100-ft. models of " Barham." Dimensions :— 100 x 12-5 x 4-74 
ft. mean draught. Displacement = 83-4 tons. Wetted surface 
= 1 420 sq. ft. 

H.M.S. "Topaze" and H.M.S. "Amethyst." Cruisers. 
("Topaze" with reciprocating engines.) "Amethyst" with 
turbines : — Propellers, diameter = 6'5 ft. 3 000 tons displace- 
ment. Three shafts, one screw on each. 250 lbs. per sq. in. 
boiler pressure. Actual vessel : — 360 x 40 x 14*5 ft. draught. 
Wetted surface calculated = about 16 110 sq. ft. Block coefficient 
= 0*504. Figures for progressive trial of " Amethyst " taken from 
curves in Mr Speakraan's paper, Trans. Inst, Engineers and Ship- 
builders in Scotland (1905-6). 



Knots. 


I.H.P. 


Skin H.P. 


DlV« 
I.H.P. 


28*4 


14 000 


3 400 


190-3 


23-0 


12 300 


3 240 


206 


22-0 


9 550 


2 850 


238 


21-0 


7 800 


2 490 


247 


20 


6 500 


2172 


256 


19 


5 400 


1880 


264 


13 


4 500 


1611 


270 


17 


3 750 


1370 


273 


16 


3160 


1160 


270 


14 


2 200 


787 


259-5 


12 


1460 


512 


246 


10 


850 


306 


245 



I.H.P. varies as (speed)* at 21*33 knots. 
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100-ft. model of "Amethyst ":— 100 x Hi x 4*03 ft. mean 
draught Wetted surface = about 1 242 sq. ft Displacement 
= 6-43 tons. 

H.M. Scouts " Patrol " and " Pathfinder." Twin-screw. Actual 

vessel :— 370 x 38*75 x 14*18 ft draught. Displacement = 2 850 

tons. Block coefficient = 0*491. 

T7 32i in. — 6H in. -58 in. -58 in. o«riu «««« ;« 

Enmnes — ? ^— — -. 275 lbs. per sq. in. 

^ 30 m. r -^ 

steam. 134-in. shaft. 65-in. bore. Two sheet brass condensers 
6 ft. 3 in. diameter. 14 000 sq. ft total cooling surface. 17 in. 
diameter circulating water inlet. 





'* Pathfinder." 


"Patrol." 


Knots 

Revs. 

I.H.P. 

dIv» 

I.H.P. 


10-988 
85-4 
1063 

251 


25*345 
220-2 
17 235 

190 


10969 
84-7 
1164 

228 


25 06 
213-5 
16 438 

192 



I.H.P. varies as (speed)* at 22*8 knots. 

100-ft model of scouts :— 100 x 10*47 x 3*83 ft mean draught 
Displacement = 56*25 tons. 

H.M.S. "Good Hope." First-class cruiser. {Engineering^ 7th 
March 1902.) Actual vessel : — 500 x 71 x 26*1 it mean draught 
Displacement = 14 100 tons. Block coefficient = 0*533. Wetted 
sur£ice calculated = 41 100 sq. ft 



Knots. 


Revs. 


LHP. 


App. slip 
percent. 


dIv' 

I.H.P. 


Skin H.P. 


10*6 


61 


2 689 


7-2 


269 


906 


13*63 


65*8 


5 096 


7-5 


290 


1850 


15-91 


77*6 


7 953 


8*4 


296 


2 880 


18*10 


90 


12 108 


10*2 


286 


4140 


20*58 


99*8 


16 960 


8*0 


300 


5 950 


22 10 


109*1 


22 467 


9*6 


280 


7 280 


23*05 


126-2 


31088 


18*5 


230 


8 230 



I.H.P. varies as (speed)* at 21 J knots. 
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100-ft. model of "Good Hope" :— 100x14-2x6-22 ft. mean 
draught. Displacement = 113 tons. Wetted surface calculated 
= 1 646. 

H.M.S. "Terrible." First -class cruiser. Actual ship: — 
500x71-5x27 ft. mean draught. Displacement = 14 200 tons. 
Block coefficient = 0-516. Wetted surface = 41 260 sq. ft. 
calculated. Propellers' diameter = 19-5 ft. Pitch = ?4-0. Ex- 
panded surface = 92 sq. ft. 



Knots. 


I.H.P. 


Skin H.P. 


I.H.P. 


App. slip 
per cent. 


Revs. 


Mean press. 

referred to 

L.P. 


13-434 
20-964 
22-41 


5 073 
18 500 
25 648 


1783 

6 280 

7 620 


280 
292 
257 


11-0 
14-4 

• • • 


63-71 
103-45 
112-26 


17-9 
40-9 
52-1 



The I.H.P. is varying as the fourth power of the speed at 
21^ knots. 

100-ft. model of *' Terrible" :— 100 x 14-3 x 6-4 ft. mean draught. 
Wetted surface = 1 660. Displacement = 113-6 tons 

H.M.S. " Iris," steel despatch vessel. Sharp entrance and run. 
(From Mr Wright's paper to the Inst. Naval Architects (1879). 
Third series of trials, 3rd July 1878.) Actual ship :— 300 x 46*08 
X 18*08 ft. mean draught. Displacement = 3 290 tons. Block 
coefficient = 0-461. Mid -area coefficient = 0*889. Prismatic 
coefficient = 0-52. 700 sq.*lt. midship section immersed. Pro- 
pellers, four-bladed modified Griffith's screw, twin, diameter = 
16 ft. 3^ in. Pitch = 19 ft. llj in. Expanded surface = 144. 
Area ratio = 0*288. 



Knots. 


Revs. 


DlV8 
I.H.P. 


App. slip 
per cent. 


I.H.P. 


Skin H.P. 


7-797 
12*279 
16564 
18-573 


40-96 
61-34 
85-38 
97-189 


173 
223-4 
196-8 
183-7 

• 


3-36 
-1-63 
1-5 
2-97 


606 
1833 
5108 
7 714 


158-4 

541 
1265 
1747 



I.H.P. varies as (speed)* at about 17| knots. 



16 
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100-ft. model of "Iris" :— 100x15-4 x 60 ft. mean draught. 
Displacement = 123 tons. 

H.M.S. "Terpsichore." Second-class cruiser. (Information 
from Seaton and Rounth waiters Pocket Book. Rough figures 
only.) Actual ship : — 300 x 43 x 16*18 ft. mean draught. Dis- 
placement = 3 330 tons. Block coefficient 7 0*558. 



Knots. 


I.H.P. 


iSUn H.P. 


Dlv» 
LB. P. 


10 
14 
18 
20 


800 
2 400 
6 000 
9 000 


296 

758 

1551 

2 098 


279 
255 
217 
198 



I.H.P. varies as (speed )^ at ahout 18*33 knots. 

100-ft model of "Terpsichore" :— 100x1 4*34 x 5-39 ft mean 
draught Displacement = 123*3. Block coefficient = 0*558. 

H.M.S. "Edgar." First-glass cruiser. (From Seaton and 
Rounthwaite's rocket Book. Rough figures only.) Actual ship : 
360 X 60 X 23*75 ft mean draught Displacement = 7 390 tons. 
Block coefficient = 0*504. 



Knote. 



10 
14 
18 
20 



I.HJ». 


Skin H P. 


1000 

8000 

7 500 

11000 


479 
1240 
2 587 
8410 



I.H.P. 



880 
347 
295 
276 



I.H.P. varies as (speed)* at approximately 19 knots. 
Engin^eringy 9Ui August 1901, gives : — 



Knols. 



11*89 
13*45 
16 51 
18*t> 
20-49 




LBLP. 



1690 
2 464 
6102 
8 401 
13101 
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100-ft. model of " Edgar " :— 100 x 16-66 x 6*6 ft. mean draught. 
Displacement = 168'6. 

H.M.S. "Hermes." (Trials described in Engineering^ June 
1899.) Actual ship :— 360 x 54 x 20*5 ft. mean draught. Dis- 
placement = 5 600 tons. Block coeflScient = 0*506. 



Knots. 



10-4 

14-45 

13-4 

18-8 
20-5 





Cutoff 




Lbs. 


I.H.P. 


H.P. cyl. 


Revs. 


engine 




percent 




steam. 


1018 


50 


86-5 


124 


1074 


20 


85 


173 


2 099 


28 


109 


155 


7 713 


56 


165-9 


222i 


10 224 


71 


182-7 


229 



I.H.P. 



348 
335 
361 
272 
265 



I.H.P. varies as (speed)* roughly at about 18-7 knots, but curve 
uncertain. 

H.M.S. " Medusa." Third-class cruiser. (From rough figures 
given by Sir Wm. H. White, I.N.A., 1892.) Actual vessel :— 
265 X 41 X 16*5 ft. mean drai^ht. Displacement = 2 800. Block 
coefficient = 0*547. [The " Pallas" (same class) made 19-25 knots 

at 7 610 I.H.P. ^^ = 187.] 

I.H P. 



Knots. 


I.H.P. 


Skin H.P. 


dIv' 

I.H.P. 


Bad 
result 


10 
14 
18 
20 


700 

2100 

6 400 

10 000 


• • • 

• • • 

• • • 

• • • 


284 
259 
181 
159 


due 

to 

shallow 

water. 



I.H.P. varies as (speed)* at 18-3 knots. 



Torpedo-boat "Makrelen." (Progressive trial described by 
Captain A. Rasmussen, Danish Navy.) Actual vessel ; — 140 
X 14-25 X 7*33 ft. draught aft, 6*3 ft. mean draught normal. 
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127 tons displacement. Block coefficient = 0*354. Calculated 
wetted surface = 1 925 sq. ft. 

Trial of 105 Tons Displaobmbnt. 



Knots. 


I.H.P. 


Knots. 


LH.P. 


20 


1200 


16 


500 


18-7 


1000 


16-1 


400 


18-2 


900 


14-2 


300 


17-6 


800 


12-7 


200 


17-15 


700 


10-26 


100 


16-6 


600 







Torpedo-boat "Sobjomen." (Progressive trial described by 
Captain A. Rasmussen, of the Dani3i Navy, in a paper to the 
Institution of Naval Architects, 1899.) Actual vessel : — 145*5 x 
15*5 X 5*816 ft. mean draught. Displacement = 140*5 tons. 
Block coefficient = 0*375. Calculated wetted surface > 2 283 sq. 
ft. I = 1-455. l^'^ = 3-7. 



Trial 


IN 20 Fathoms. 


Knots. 


I.H.P. 


Skin H.P. 


23*4 


2 200 


506 


22-0 


1800 


422 


21-2 


1600 


379 


200 


1310 


322 


18-5 


1000 


268 


17*6 


800 


222-4 


16*6 


600 


189-7 


16*0 


400 


141*6 


12*7 


200 


88-6 


10*0 


100 


45-2 


60 


47 


10*7 



The I.H.P. is varying as the 3*9 power of the speed at 23*2 knots. 

Steam-tug ** Pelorus.'' Single screw. 92 ft. b.p. x 20 ft. 6 in. 
mid. breadth x 7 ft. 10^ in. mean draught. Displacement = 213 
tons. Draught 6 ft 6 in. forward ; 9 ft. 4 in. aft. On trial 
on the Firth of Clyde, six minutes on the measured mile = 
10 teots speed. 124*5 revolutions per minute. 
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Engines 13 in. -21 in. -34^ in. ^ ^^ ^^^ ^ p pj^peller three- 
^^ 24 in. 

bladed. Diameter = 7 f t. 6 in. Pitch = 11 ft. Expanded sur- 
face = 29 sq. ft. 

One Scotch boiler 13 ft. inside diameter x 10 ft. mean length. 
1 455 sq. ft. heating surface. 52*5 sq. ft grate. 5 ft. 6 in. bars. 

On the run from Bowling to Pard, 8*72 knots average speed, 
6 '56 tons coal per day ; calling at Falmouth, Madeira, and 
St Vincent, 4 463 miles ; 21 days 8 hours under way. 

On trial : Coefficients. Block = "SO. Midship section = '847. 
Prismatic = '69. 

S. S. "Vespasian." 275 ft. L. W.L. x 38*8 ft. beam. (Progressive 
trial on Hartley Mile, with reciprocating engines.) Mean 
draught ex keel = 18 ft. lOj in. Displacement = 4 350 tons. 
Propeller cast-iron solid, four blades. Diameter = 14 ft. Pitch 
= 16*35 feet. Expanded area = 70 sq, ft. Mean speeds are 
given for eight double runs. 

Trial with reciprocating engines, ^^j in. - 35 in. - 59 in. 

42 m. 





• 

1 

p 


• 


n 

• 


C9 
< 


• 

m 

• 


7-9 

8-1 
8-35 
8-52 
8-7 

8-9 
93 

9-74 

• • • 

• • • 

• • • 


E.H.P. from 
tank. 


m 

i 

143 
182 
216 
246 
265 

284 
816 
328 

382 
422 

472 


• 

n 
1 

S3 
58 
64 
93 
105 

• • * 

165 
222 

240 
363 

528 


Keslduary resist- 
ance lbs. per ton A. 


• 




Taylor's standard 
ieiies resld. resist- 
ance lbs. per ton 
displac 




7-6 

8-195 

8-684 

9-075 

9-316 

9-537 

9928 

10-204 


50-58 

55-3 

58-86 

61-7 

62-05 

64-63 
6788 
70-05 


383-7 

478-5 

582-2 

673 

681 

769-5 
903-7 
993 


294 
310 
299 
296 
317 

302 
290 
286 


176 
240 
289 
339 
370 

409 
481 
550 


•33 
-53 
•555 
.. • 
•845 

• • • 

1^25 
1-63 


•459 
-508 
•497 
•504 
-544 

-538 
588 
•554 


• • • 

• • • 

• • • 

• •-« 

• • • 

• • • 

• • • 


Tank) 


10-5 
110 
11-5 


• • • 
••• 
••• 


• • ■ 

• « < 

• • • 


• • 

• • 

• • 


• 
• 
• 


622 

785 

1000 


1-71 
2-47 
3-44 


• • 

• • 


• 
• 


• • • 

• • • 

• • • 



Estimated wetted surface = 16 900 sq. ft. 



246 Steamship Coefficients, Speeds and Powers 



S.S. "Vespasian" {coniinued). Progressive trial off the Tyne, 
llth April 1910, with turbines geared to the original shaft and 
same propeller as with reciprocating engines, viz. 14 ft. diameter 
xl6^36 It. pitch. Vessel loaded to the same draught and dis- 
placement, 4 350 tons, as before. 







s 


• 





► 





& 


8-4 


56-5 


9-56 


65 


10-5 


71-3 


10-66 


73-8 



00 



s 

s 

9 






loo 



456 

740 

980 

1095 



7-79 
8^88 
8^7 
974 



348 
315 
315 
295 



a 





a 











p« .« 


nauiupt] 

hour, 

irposes. 


Nil 


S^a 


Sgg. 


>N i * 

V CO C 


i a 


1 - 


h Oi>-i';3 

1 •^'S 


^ 


^ 


^ 


9 070 


9 670 


19-8 


12 000 


12 620 


16-2 


14 480 


15120 


14-8 


15 670 


16 370 


14-8 



M 

C 

<s 

a 

o 

PU 

n 






PM 

w 

OQ 



260 
415 
623 
667 



•67 
•561 
•636 
•61 



Plotting a fair curve for I.H.P. and speed from the results of 

the trial with reciprocating engines, and another curve for S.H.P. 

and speed from the trial of llth April 1910, both with the same 

S H P 
propeller, we obtain the following estimate of the ratio ' ' : — 

I.M.P. 



Knots. 


I.H.P. 


S.H.P. 


S.H.P. 
I.H.P.* 


8 

8*5 

9 

9-5 
10 
10-25 


445 
535 
650 
765 
925 
1025 


390 

480 
600 
725 
838 
905 


•876 
•898 
•923 
•948 
•906 
•884 



The ratio is, therefore, roughly about *90 at 10 knots, and '94 
at 9^ knots, the usual speeds of tne vessel on service. 

S.S. " Vespasian " (contmwgd). Progressive trial off the Tyne, 
9th January 1911, with new propeller, 14 ft. diameter x 14-14 ft 
pitch, four blades, 72 sq. ft. expanded blade area. Displacement, 
4 350 tons, as before. 
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• 

5 


• 

9 


^ 


per cent. 


m -' 


umptiou, 

gines, 

hour. 


usump- 
B. per 

hour. 


p; 


P4 


Pm 



a 


> 




'3 


> 
< 




cons 
in en 
. per 


85pi 

S CM 


p4 


mm 










VJ 


t-> a fo 


-** on 


















l-,s« 












< 




^ 








9-31 


68-4 


630 


2*51 


343 


10 400 


16-5 


375 


•595 


9-66 


71-2 


720 


2-82 


334 


11510 


15-98 . 


429 


•595 


9-94 


78-7 


815 


331 


323 


12 590 


15-45 


480 


•59 


10-34 


77 


945 


3-54 


313 


14 000 


14-81 


580 


-614 



Results obtained on voyages from the Tyne to Antwerp and 
Rotterdam, with original propeller 16*35-ft. pitch. Displacement, 
4 560 tons, say 19 ft. 9 in. mean draught, ex keel. 



Knots. 


Itevs. 


9 22 


64-9 


9-27 


63*86 


9-35 


65 


9-37 


62-9 


9-61 


64-8 


10-22 


70-6 


10-58 


73 



S.H.P. 



736 
710 
740 
668 
735 
960 
1080 



App. slip 


AlV« 


per cent. 


S.H.P. 


12-03 


295 


10-0 


308 


10-95 


304 


7-6 


338 


8-05 


333 


10-29 


308 


10-2 


301 



Water con- 
sumption, 
main engines, 
lbs. per hour. 



12 800 
11780 
12140 
11100 
11890 
14510 
15 680 



Water con. 

sumption, 

lbs. per 

S.H.P. hour. 



18-0 
16-5 
16-4 
16-6 
16-2 
15-1 
14-5 



" Monitoria/' Ship with corrugated sides (see Shipbuilder, 4, 
No. 16 (1910V). 279 ft. x (40 ft. 1^ in. beam + 1 ft. 10 in. = 41 ft. 
11^ in.) X 17 it. 5 in. draught. Displacement, 4 450 tons. I.H.P. 
= 1 012. Revolutions, 65-8. 9*78 knots. Wetted surface, 
17 480 sq. ft. Progressive trial. Mean draught, 17 ft. 10 in. 
Displacement = 4 575 tons. 



I.H.P. 

* 


BevB. 


Knots. 


521 


53-77 


8-185 


871 


62-75 


9-397 


966 


651 


9-686 


1120 


67-35 


9-962 


1195 


68-58 


10-122 



248 Steamship Coefficients, Speeds and Powers 

Single^wrew engines, 21 in» - 33 in- - 56 in- ^ 180 lbs. pressure. 

36 m. 
Two boilers, 13 ft. x 10 ft., with 3 000 sq. ft. total heating surface. 

Sister ships to the "Monitoria," with plain sides (see The Ship- 
builder, vol. IV., No. 16, 1910). Single-screw. 279 ft. x 40 ft. U in. 
X 17 ft. 8^ in. mean draught. Displacement = 4 450 tons. I.H.P. 
= 1116. 70 revolutions. 9*78 knots. Wetted surface = 17 435 
sq. ft. 

Machinery same as in " Monitoria." 

^ ^ = 226. 



I.H.P. 



Shallow Water. 

The resistance of a ship in shallow water is often enormously 
greater than in deep water, because of the etfect of the bottom 
upon the streamlines, and of the wave system accompanying 
the vessel. 

The problem has been the subject of discussion at meetings of the 
Institution of Naval Architects. In the discussion on Sir W. H. 
White's paper on " Notes on Recent Experience with some of H.M. 
Ships," Mr R. E. Froude mentioned experiments tried in the 
Admiralty tank at Torquay to determine the increase of resist- 
ance thus caused. A false bottom set at various depths .in the 
tank caused the resistance of models to vary consideraoly. With 
the water as shallow in proportion to the size of the model as the 
water in Stokes Bay in proportion to a ship of from 3 000 to 5 000 
tons — there was an increase of resistance of from 3 per cent, to 
6 per cent, nearly constant at all speeds. Mr Froude pointed 
out that of the two elements of this difference in resistance, there 
is first the element that is nearly a constant percentage at all 
speeds, " attributed to the fact that the water in getting out of the 
way of the ship has to move in two dimensions instead of three 
dimensions; the motions are consequently more accentuated, 
and involve higher streamline s])eed against the ship's side, and 
cause greater friction." There is also the other element, viz., 
that due to the effect of shallow water on the wave, and which is 
more marked at high speeds. See also Mr D. W. Taylor's paper 
to the Institution of Naval Architects, spring 1894, " On Smp- 
shaped Stream Forms." In April 1895, Mr. D. W. Taylor read a 
paper to the I.N. A. "On Solid Stream Forms, and the Depth of 
Water necessary to avoid abnormal Resistance of Ships." Professor 
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Lamb, "On the Motion of Fluids," p. 117, gives a description of 
simple stream systems in three dimensions. Mr R. E. Froude, in 
his remarks at the end of Mr. Taylor's paper^ pointed out that 
there is an increase of resistance at all speeds, even at those speeds 
at which there is no resistance due to wave -making. In oraer to 
properly consider the question of whether the shoal water increases 
those features of the streamline disturbance which are the cause 
of wave-making resistance (and this is at certain speeds only), the 
relation between the depth of water and the length of the wave 
that is proper to the speed of the ship has to be considered. 

In a valuable paper to the Institution of Naval Architects in 
1899 on "Some Steam Trials of Danish Ships," Captain A. 
Rasmussen, of the Royal Danish Navy, gave progressive speed and 
power curves of the torpedo boats " Sobjornen " and " Makrelen " 
at four different depths ,of water. The "Sobjornen" was 146 ft. 
6 in. long x 16 ft. 6 in. beam, and 140 ton^ displacement, with a 
draught of water 3 ft. 10 in. forward, and 7 ft. 9J in. aft. Engines : 
four-cylinder triple, 220 lbs. working pressure. At normal 
draught the displacement was 132 tons. At half power the loss 
in speed in shallow water was very great, while at full power the 
speed was higher for depths below or above 8 fathoms, tnis being, 
of the four named depths, the most disadvantageous for the pro- 
pulsion of this boat at full power. It was pointed out that the 
speed corresponding to the points of inflexion in the curves was 
practically the speed v of " the wave of translation as given by the 
formula 

v= >Jgh 
where h = depth of water 

and g = acceleration of gravity." 
While the wave of translation in shallow water at half power is 
unusually high and long, it vanishes completely at full speed. 

At normal draught (132 tons displacement) "Sobjornen" : — 



Depth of water. 


Knots at 2 200 1. H.P. 


Knots at 1 000 1.H.P. 


2i fathoms 

6| fathoms 

8 fathoms 

20 fathoms 


24 1 
23-8 
22-8 
23-6 


13 1 
17-2 
18-8 
18-6 
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Sahjiimm. 



Speed in knots . 
I.H.P. in 20 fathoms 
I.H.P. in 8 fathoms . 
I. H.P. in 2i fathoms 



6 


10 


12 


14 


16 


18 


20 


22 


46 


98 


160 


286 


520 


840 


1320 


1960 


46 


98 


164 


310 


670 


• • 


1406 


1785 


• • 


1 100 


260 


1080 


1180 


1220 


1380 


1660 



24*1 



2200 



The dotted curve on Plate 28 shows the E.H.P. for a trial in 
shallow water of Popper's boat A (see p. 252). When passing 
suddenly into shallow water, the speed of a steamer may suddenly 
jump from, say, 12J to 14j knots (see Curve), the power remaining 
constant 

"The Resistance of some Merchant-ship Tvpes in Shallow 
Water," paper by Professor Herbert C. Sadler, read at the 
American Society of Naval- Architects 'and Marine Engineers, 
16th November 1911.* 

The models were tested in water of varying depth in the tank 
at the University of Michigan. Both full and fine types were 
tested, including some broader types, and one with V-shaped 
sections. The results were given in curves representing residuary 
resistance in pounds per ton of displacement. Professor Sadler 
found that the speed ai which maximum resistance occurred was 
a function of depth of water rather than size of ship. The first 
hump in the curve for a given depth of water occurred at nearly 
the same speed for all types. A set of curves was given for a 
full type 01 cargo boat. With the V-shaped section the hump 
was not so pronounced as in the types with fuller midship 
sections, perhaps because the mean draught of the midship section 
was less. The hump for a given depth of water occurred at 
slightly higher speeds in the fuller forms. 

In Zeitschrtft des Veremes Deutscher Ing4nieure^ 10th December 
1904, will be found a report of an important paper entitled 
** Experiments to ascertain the Influence of the Depth of Water on 
the Speed of Torpedo Boats,** by Ship-Constructor Paulus, read at 
the Schleswig-Holstein District Club. 

The paper referred to Captain Rasmussen's papers to the 
Institution of Naval Architects, 1894 and 1899, and to later tow- 
ing experiments with models and with full-sized ships at various 
depths of water to ascertain the model resistances, by Major Rota, 
ship constructor of the Italian Navy, and by Ship-Constructor 
Scniitte at Bremerhaven. Rota and Schiltte varied the depths 
of water in their tanks by constructing a movable bottom of 
smooth wooden planks. This bottom separated completely the 
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upper part of the basin from the lower, so that the particles of 
water could not escape below. 

Rota's model-resistance curves resembled the I.H.P. curves quite 
remarkably, Paulus pointing out that a still better comparison 
would have been obtained if the corresponding E.H.P. curves 
were put alongside the I.H.P. curves of torpedo-boat S 119. 

In Schiitte's paper, under the heading " Torpedo Boat " with 
" A," the E.H.P. appeared to be equal at speeds 1-96 m. and 2-5 m., 
while the intermediate values were smaller. 

Normand's formula was used for calculating the wetted surfaces 
of these torpedo boats. 

Paulus used the terms "effective efficiency," "indicated 
efficiency,'' and " actual efficiency," meaning E.H.P., I.H.P., and 

* respectively. 



I.H.P. 



Paulus with Torpedo-boat "S 119." 
Speeds in Knots at Equal Powers. 



Depth of water. 


60 m. 


40 m. 


25 m. 


15 m. 


10 m. 


7 m. 


5 680 I.H.P. 


27-17 


26-93 


•26-65 


27-2 


27-66 


27-82 


4 600 


> » • 


25-13 


24-86 


24-56 


23-58 


23-5 


25-95 


4 000 


1 J • 


24-01 


23-73 


23-46 


21-80 


23-62 


24-62 


2 700 


>j • 


21-48 


21-28 


21-09 


2000 


17-75 


16-84 


2 000 


j> 


2000 


19-84 


19-72 


19-08 


16-94 


15-11 


1600 


n • 


13-75 


18 67 


18-58 


18-20 


16 68 


14-84 


1000 


> J 


17-16 


17-16 


17-06 


16-86 


16-22 


14-44 


600 


a • 


12-2 


12-2 


12 2 


12-2 


12-2 


12-2 





I.H.P. 


AT Equal Speeds. 






Depth of water. 


60 m. 


40 m. 


25 m. 


16 m. 


10 m. 


7 m. 


27 knots 


6 590 


6 716 


5 920 


5 605 


5 316 


5195 


24 „ . . 


3 996 


4140 


4 290 


4710 


4110 


3 870 


21 „ . . 


2 465 


2 560 


2 660 


3 550 


3 626 


3 610 


18 „ . . 


1240 


1250 


1285 


1410 


2 816 


3 210 


16 „ 


600 


600 


600 


616 


640 


1800 


12 „ 


286 


286 


285 


285 


286 


285 
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Spskds in Knots at Usual Numbers of Revolutions. 



Dtpth of w»t«r. 


00 m. 

26-76 

24-84 
20-62 
16-66 
11-7 


Mm. 


26 m. 


16 m. 


10 m. 


7 m. 


970 rf V8, per min. 
«50 .. 
200 ,. 
150 ,. 
100 ,. 


26 55 
24-66 
20-86 
16-65 

11 7 


26-22 
24-84 
20-42 
16-65 
11-7 


26-67 
23-60 
19*66 
16-52 
117 


27-15 
25-03 
17-55 
1614 
11-7 


27-31 
25-82 
16 06 
14 55 
11-7 



Mr A. F. Yarrow, in Gassier* s Magazine, November 1908, men- 
tioned that the deptJi of vrater in feet to be avoided was approxi- 
mately represented by the expression '*£???: ^^- — ?i??, and 

showed a curve for critical combinations of speed and depth of 
water, ordinates depth, and abscissae speed at which the length 
of the transverse waves (which travel at the same speed as the 
ship) became indefinite. Mr Tarrow mentioned that the diverg- 
ing waves, which have a speed less than the speed of the ship, 
did not come under the eihove heading, but that at very high 
speeds the effect of these should not be neglected. 

E.H.P. curves. From deep-water progressive trials of three 
boats. A, B, C. (Paper by Popper, TVarw. Inst, Naval Architects, 
1905.) See forms given on Table XXXVII. 

Boat A. 

Actual dimensions : — 73-47 x 11*48 x 2-558 ft. mean draught. 
Block coefficient = 0-451. Displacement = 27-75 tons. Wetted 
surface = 766-39 sq. ft Deep water figures only noted. 



Knots. 


E.H.P. 


Skin H.P. 


Wave H.P. 


6 


5 


• • • 


■ • • 


7 


8 


• • • 


• • • 


8 


12*6 


, , 


... 


9 


18 


• • • 


• • • 


10 


30 


• • • 


• • • 


11 


46 


20*27 


26 78 


12 


82 


26-2 


56-8 


IS 


118 


32*4 


85-6 


14 


157 


40-2 


116-8 


16 


190 


48-7 


141*3 
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lOO-ft. model of boat A:— 100 x 15*62 x 3*48 ft mean draught. 
Displacement = 70. Block coefficient = 0*451. Wetted surface 
= 1 420 sq. ft. 



Knots. 


e.h.p. 


Skin h.p. 


Wave h.p. 


7-0 


14*7 






8*17 


23-4 


• « • 




9-84 


36-6 


• • • 




10 5 


52-6 


88 




11-68 


• 87-8 


441 




12-84 


184-1 


58*6 


75-6 


14*0 


288*8 


74*8 


164 


15-2 


845*3 


93*3 


252 


1686 


458-6 


116*4 


343*2 


17*5 


563-8 


138-8 


415 



Boat B (Popper). 

Actual dimensions :— 92*98 x 14*17x2*296 ft. mean draught. 
Displacement = 42-3 tons. Block coefficient = 49. Wetted 
surface = 1 087 sq. ft. 

Dia. Pitch. Exp. surf. 

1st propeller, 3 blades . 2*788 3*214 3*293 
2nd propeller, 3 blades 2*788 3*608 3*293 

2nd very much better than 1st one. Maximum efficiency, 58*2 
per cent, at about 10 knots. 











Knots. 


B.H.P. 


Skin H.P. 


Wave H.P. 


5 


4-5 






7 


11 






8 


15 






9 


25 






10 


37i 






11 


56 






12 


82 






13 


117 






14 


168 
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lOO-ft. model :— 100 x 15*25 x 2*47 ft mean draught Wetted 
surface = 1 266. Block coefficient = 0*49. Displacement = 62*8 
tons. 



Knots. 


e.h.p. 


» 


6-19 


6-84 




7-26 


14-8 




8-8 


19-45 




9-84 


82-3 




10-88 


48-4 . 




11-41 


72-8 




12-47 


106-9 




135 


151-2 




14-65 


217 





*BoAT C (Popper). 

Deep-water progressive trials. Tow-rope resistance curve, and 
E.H.P. curve. {Trans. Inst. Naval Arch., 1905.) 

Actual boat:— 92-98x14-04x2-296 ft mean draught Dis- 
placement = 36-6 tons. Wetted surface = 1 140 sq. ft Block 
coefficient = 0-429. 



Knots. 


B.H.P. 


Knots. 


B.H.P. 


6 


7 


11 


46 


7 


11 


12 


68 


8 


16 


13 


98 


9 


24 


14 


187 


10 


36 


15 


177 



100-ft. model:— 100 x 15-1 x 2*47 ft mean draught Dis- 
placement = 45-8 tons. Wetted surface = 1 327 sq. ft. Block 
coefficient «= 0-429. 
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100-ft. Models : — Deduced from results from forms on 
Table XXXVII. 





In feet. 


Tons 
dis- 
place, 
ment. 


Mid 
area. 


Wetted 
skin. 


Coeflacients. 


Model. 


Length. 


Moulded 
breadth. 


Moulded 
draught. 


Prism. 


Mid 
area. 


Block 


A 

B 
C 
D 


100 

100 
100 
100 


11-82 
11-82 
11-82 
11-82 


6-12 
5-10 
4-08 
8-176 


108-2 
86-3 
63-8 
46 86 


66-9 
54-85 


1680 
1460 
1243 
1049 


•667 8 
•646 1 
•622 7 
-6012 


-928 8 
•908 8 
-886 8 
•862-7 


-624 2 

496 6 

-468 6 

•427 6 



Model B. 



Knots. 



6-85 
8-675 
9 71 
10-29 

10-86 
11-4 
12-0 
12-67 



e.h.p. 


Resistance in 


lbs. 










Total. 


Skin. 


Residuary. 


1371 


652 


478-6 


173-5 


25-95 


985-5 


720 


265-5 


41 


1377 


907 


470 


49-05 


1554 


1 010 


544 


58-4 


1 764 


1 111 


643 


72-7 


2 080 


• • • 


• • « 


102 


2 767 


1 331 


1 436 


148 


3 708 


1448 


2 260 



Residuary 

resistance in 

lbs. per ton of 

displacement. 

2-037 
3116 
5-61 
6-38 

7-64 

16-85 
26-6 



© 



-989 
•904 
-987 
-996 

1-006 

1-299 
1-586 



Model G. 





e.h.p. 


Resistance in lbs. 


Residuary 

resistance in 

lbs. per ton of 

displacement. 




Knots. 


Total. 


Skin. 


Residuary. 


© 


6-85 
8-576 
971 
10-29 

10-86 
11-4 
12-0 
12-67 


11-31 
22-08 
327 
39-1 

477 
61-5 
84*2 
114 


638-3 

838 
1 098-5 
1237 

1 435 

1 766 

2 282 
2 955 


408-3 
614 
773 
861 

946 
1036 
1 135 
1284 


130 
224 
325 6 
376 

489 

720 
1 147 
1 721 


2-04 
3-52 
6-1 
6-89 

7-66 
11-29 
18 

27 


-94 
•937 
-966 
•961 

•999 
1-11 
1-301 
1-589 



{See Plate 22.) 
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lOO-ft model (deduced from Sir A. Denny's fine model D ; 
tank trial). (See paper read before the International Engineer- 
ing Congress at Chicago, 1893.) 

Model D, 



1 
Knoia 


e.h.p. 


Resistance in lbs. 


Lbs. residuary 
resistance 


© 


JKUVIM. 


Total. 


Skin. 


Residuary. 


per ton of 
displacement. 


6-85 
8*675 
9-71 
10*29 

10*85 
11*4 
12-0 
12*57 


10 

18*89 
26-52 
81*76 

39*35 
50-7 
66*9 
88*6 


476-6 
718 
890-5 
1004 

1179 
1450 
1816 
2 300 


3436 
518 
662 
726 

823 

902 

986 

1072 


133 
200 
238*6 
277-5 

366 

648 

830 

1 228 


2 906 
4-37 
6*21 
6-06 

7-79 
11-97 
18*14 
26*8 


1-04 
1-00 
•966 
•976 

108 
1*045 
1*292 
1-49 



{See Plate 22.) 

Dutch opium-cruiser " Argus. '* Progressive trials. (Transac- 
tions Inst Engineers and Shipbuilders in Scotland, 1893, paper by 
Dr Robert Caird on " Propeller Diagrams.") Actual ship : — 
188 X 23*0 X 7-5 ft. mean trial draught. Displacement = 406 tons. 
Block coeflScient = 0-439. See Dr Caird's curves for slip, wake 
factor, propeller efficiency, engine efficiency, hull efficiency, revolu- 
tions, I.H.P., E.H.P., thrust deduction, etc. One propeller, 
diameter^ 7*6 ft. Pitch = 9*25 ft. 206 revolutions. Designed 
for 16 knots at 1 024 I.H. P. Wake factor = 0*26. E.H.P. = 640. 
Propulsive efficiency = 0*595. 



Knots. 


I.H.P. 


Revs. 


Lbs. 

indicated. 

thrust. 


B.H.P. 


Skin 
H.P. 


Wave 
H.P. 


6 


62-6 


70-6 


3166 


26 


19-8 


5-2 


8 


117*6 


96-0 


4 420 


60 


45 


16 


10 


207*6 


120 


6170 


116 


84*6 


31-4 


12 


360 


146 


8 660 


208 


140-8 


67*2 


14 


605 


178 


12 480 


362 


217 


146 


16 


1024 


205 


17 860 


634 


320 


314 


17 


1376 


222 


• • • 


860 


378 


472 



I.H.P. varies as (speed)* at 15*1 knots. 
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lOO-ft. model of " Argus" :— 100 x 12-3 x 4-00 ft. mean draught. 
Displacement = 61-11 tons. Block coefficient = 0*439. 



Percentage 
of top speed. 


Knots. 


Bevs. 


IPercentage 

eugine 

efliciency. 


Percentage 
of full power. 


37-5 


4-38 


96-8 


53-5 


6-1 


50 


5-84 


130-2 


63 


11-46 


62-5 


7-3 


164-5 


71 


20-3 


75 


8-76 


200 


77 


34-3 


87-5 


10-21 


237 


82 


69-2 


100 


11-67 


281 


85-3 


100 


• • • 


12-4 


304 


86-5 


••• 



(See Plate 35.) 



Dutch tugboat. (From Mr W. F. Durand's book, Resistance 

and Propulsion of Ships, 1911, or The Steamship^ Oct. 1897.) Values 

of E.H. P. determined from model experiments. Actual ship :— 

dimensions, 72 x 14-76 x 3 ft. 10 in. draught forward, 7 ft. 4j in. 

draught aft., 5 ft. 7| in. drau^t mean. Displacement = 69 tons. 

Block coefficient = 0*406. Propeller pitch = 7*63 ft. Wetted 

T H P ■ 
surface =« about 1 117 sq. ft. .'^J^' varies with increase of 



I.H.P. 



speed from 0*64 to 0*69. 



E.H.P. 
I.H.P. 



varies from 0*543 to 0462. 



Knots. 


I.H.P. 


T.H.P. 


E.H.P. 


Skin 
H.P. 


Wave 
H.P. 


App. 
slip %. 


Div' 
l.M.P. 


E.H.P. 
I.H.P. 


6*97 


31-03 


19-76 


15-8 




• 

• • • 




184 


•509 


807 


50-56 


33-16 


27-42 






1 • • 




174 


•543 


9*02 


80-24 


53-22 


42-74 






> • • 




154 


-.033 


1007 


132 35 


89-43 


70-69 






1 • ■ 




131 


-534 


10-47 


170-83 


118-85 


87-75 






• • 




114 


•514 


1084 


•230-58 


161-4 


108-46 










93-4 


-471 


1101 


260-32 


180*2 


1-20-22 






• • 




86-3 


•462 



I.H.P. varies as (speed)^ at about 9-33 knots. 



17 
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lOO-ft model of Dutch tugboat;— 100 x 20*5 x 7*79 ft. mean 
draught. Displacement — 185 tons, m = 0-406. Wetted sur- 
face = 2 152 approximate. 



Kuots. 


e.h.p. 


Skin h.p. 


Wave h.p. 


8*22 


48-85 


24-8 


24-05 


9-51 


85-1 


37-9 


47-2 


10-65 


140-6 


52 


88 -e 


11-89 


2-20-8 


70-2 


150-6 


12-37 


274-4 


78-4 


196 


12-8 


340-1 


87-1 


253 


13-0 


377-2 


91-2 


286 



Towing trials of " Greyhound,'* described by Mr Wm. Froude, 
Transactions Inst, Naval Architects, 1874, H.M.S. ** Active" 
(3u78 tons, 4 055 liorse-power, 15 knots measured mile speed) 
towed H.M.S. "Greyhound " (1 157 tons displacement), at nearly 
13 knots speed, from the end of a boom 45 ft. long, without any 
diliiculty in steering. 

Particulars of '* Greyhound " : — 



Normal displacement, tons 
Medium displacement, tons 
Light displacement, tons . 



Mean 
draught. 



ft. in. 
13 9 

12 Hi 
12 I 



Midship 
area. 



339 
313 

284 



Tons 

displace- 

njent. 



1161 

1050 

938 



Square feet 

immersed 

skin. 



7 540 
7 260 
6 940 



At normal displacement, 13 ft. 9 in. draught (No. 2), 1 161 tons. 



Feet 


Resistance in lbs. 










per min. 


Without 


With 






bilge keels. 


bilge keels. 




1-200 


19 080 


20*000 


The bilge keels were 100 feet 


1 100 


14 270 


14 300 


long and 3 ft 6 in. wide. The 


1000 


10 277 


10 000 


extra resistance when these 


900 


7 320 


7 030 


were fitted was less than that 


800 


5 464 




caused by the skin frictiou 


600 


3 050 




alone by about a half at 10 


500 


2140 




knots. 



At the lighter draughli the entrance and run, of course, became 
finer. 
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** Greyhound." Single-screw sloop. Towed through still water 
from a long outrigged boom. (For towing trials, see Trans. 
Inst, Naval Architects^ 15 [1874], and Thearle's Theoretical Naval 
Archdtecturey p. 347.) Actual vessel :— 172^5 x 3318 x 13*75 ft. 
mean draught. Wetted surface = 7 540 sq. ft. Displacement = 

1 200 tons. Block coefficient = ^534. . ,^ . „ = 238. ^^^"j 

Draught 



= 2^41. Prismatic coefficient = 



\iooj 



Knots. 


V 


© 


4 


•802 


•98 


G 


•454 


•101 


8 


•606 


•101 


10 


•755 


•122 


12 


•906 


•162 



Tods 


Resistance in 


kibs. 


tow-rope 








resistance. 


Total. 


Skin. 


Wave. 


•6 


1344 


890 


454 


1-4 


3138 


1 890 


1248 


2-6 


6 606 


3 230 


2 376 


4-7 


10 520 


4 860 


5 670 


9-0 


20140 


6 730 


13 410 



Residuary 

resistance in 

lbs. per ton of 

displacement. 



E.H.P. varies as (speed)* at about 1083 knots. 

Tank trials were also made with models in fresh water, and 
the resistances plotted in a curve. 

The calm-air resistance of the " Greyhound " at 10 knots, without 
masts and rigging, was found by Wm. Froude to be about one and 
a half per cent, of the total water resistance. In merchant, 
passenger, and cargo vessels to-day, where there is a much greater 
above- water area exposed to wind, the air resistance is of course 
a much larger item. 

100 ft.-model of "Greyhound" :— 100 x 19^25 x 7^98 ft. mean 
draught. Wetted surface = 2 532. Displacement = 238 tons. 
Block coefficient = 0^534. 





e.h.p. 


Residuary 
li.p. 


Lbs. resistance. 


Knots. 


Total. 


Skin. 


Wave. 


3 05 

4-57 

61 

7-68 

9^15 


'90 

21 2 

496 

112-8 


3 42 
8-65 
26 9 
78-4 


640 3 
1133 
2119 
4 019 


* • • 

397 

670 

1013 

1404 


88-5 
243-3 
463 

1106 

2 615 



e.h.p. varies as (speed )"* at about 8 J knots (Vm). 
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Tank trials were also made with models in fresh water, and the 
resistances plotted in a curve. The resistance curve for the full- 
sized ship, deduced from the tank-trial results, and corrected for 
friction, represents her resistance in fresh water. After being 
corrected for salt water, the results agreed with those obtained 
by towing the actual ship through smooth salt water. 

{See Plate 22.) 



Italian ironclad "Lepanto." {Trans, hist. Naval Architects^ 
1888.) Actual ship :— .400*5 x 72*75 x 30 125 ft. mean draught at 
trials."*" Displacement = 14 740 tons. Wetted surface = 36 325 
sq. ft Twin screws. Admiralty type. Diameter = 20*5. Three 
blades. Pitch = 20*5. Pitch ratio. = 1. Flat surface = 80 sq. ft. 

[At 28*33 ft. mean normal draught, midship area = 1 843 sq. ft. 
Displacement = 13 851 tons. Block coefficient = 0*588. Pris- 
matic coefficient = 0*659. Mid-area coefficient = 0*894.] 

"^ At trial draught the results are : 

The speeds at which the I.H.P. seems to vary as (speed)* are approximately 14 2 
knots and 18 knots. [In the tables the extreme breadth is given, viz. 74 ft.] 



■ 




Tons 










Knots. 


I.H.P. E.H.P. g^*^ 


Wave 
H.P. 


net 
resist- 


Revs. 


DaV^ 


B.H.P. 
I.H.P. 


Speed 


I.H.P. 


^T' 






1 

1 




ance. 










6 


700 


210 


160 


50 


51 


32 


210 


•30 


8 


7 


1000 


... 


• • • 


« • > 


• ■ • 


• • • 


• • • 


• • • 




9 


1810 


670 


512 


158 


11-3 


47*5 


241 


•37 


4-5 


10 


2 450 


• • • 


• • • 


• • • 


» « • 


• • • 


• • • 


t 


• • • 


12 


4 060 


1680 


1147 


533 


20*7 


62 


251 


*414 


6 


15 


8 540 


3 700 


2 140 


1560 


34-4 


77 


240 


•433 


7-5 


16 


10 300 


« • • 


• • a 


■ 
... 


• • • 


• • • 


• • • 


• • • 


• • • 


18 


14 600 


6 900 


3 604 


3 296 


57*7 


91*3 


241 


•473 


9 


18-45 


16100 


• • • 1 • • • 


• • • 


• • « 


« * • 


• • • 


■ • • 




19 


19 300 


9 740 4 160 


5 580 


75 


96*6 


235 


•505 


95 
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100-ft. model of " Lepanto " :—100 x 1817 (18*6 extreme) x 7-53 
ft. mean draught. Displacement = 230 tons. Take block co- 
efficient = 0-59. Wetted surface = 2 270 sq. ft. [(At ext. 
draught) Block coefficient = 0*578. (At mid. draught) Block 
coefficient = 0*588. Take prismatic coefficient = 0*66 ; take 
mid-area coefficient = 0*896 — these coefficients do not agree with 
above.] 



Knots. 


e.h.p. 


Skin 
h.p. 


Wave 
h.p. 


Lbs. net 
resistance. 




3 


• • • 


• • • 


•391 


178-6 




4-5 


6 01 8 


4-76 


1*235 


395*5 




6 


14-96 


10*78 


417 


725 




7-5 


3216 


200 


12*2 


1 205 . . 


Hump 


9 


59-3 


33-6 


25*76 


2 0*20 




9-5 


82-9 


39*7 


43*6 


2 625 





i^h,p. might vary as (speed)* at two or three different parts of 
the curve. For instance, at 9 knots (Vm) rising up out of a 
hollow, or at 7*1 knots mounting a hump. 

{See Plate 22.) 

Models tested at the experimental tank of the Royal Dockyard 
of Spezzia, Italy. Towed at various speeds to determine the 
influence of depth of water on the resistance of the shij). (From 
a paper by Major Giuseppe Rota, read before the Institution of 
Naval Architects, 1900.) No. 3 model, at full depth of water. 
Actual dimensions in feet : — 12*24 x 1*87 x 0*68 ft. mean draught. 
Displacement = 488*3 lbs. Block coefficient = 0*50. 



Speed In knots. 


Resistance in lbs. 










Total. 


Slcin. 


Wave. 


4*362 


7-72 


4*01 


3-71 


4*28 


7*05 


3-88 


3-17 


4-08 


6*51 


8*53 


1*98 


8-889 


4*74 


3*2 


1-64 


3*5 


3-526 


2*635 


•891 


3*]1 


2*713 


2*048 


•665 


2*721 


1*871 


1*673 


•298 
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No. 3, lOO-ft. model :— 100 x 1 5-3 x 5-56 ft. mean draught. Dis- 
placement = 121-6. w = 0-50. 



Knntji 


h n 


Residuary 


Lbs. 


Skin 


Wave 




C>I1<|I. 


e.h.p. 


resistance. 


resistance. 


resistance. 


12-47 


141-5 


78 


3 687 


1667 


2 020 


12-26 


126 


66-1 


3 347 


1617 


1730 


11-68 


91-6 


38-6 


2 561 


1482 


1079 


11-12 


75-1 


28-6 


2 200 


1360 


840 


10-01 


49-4 


14*9 


1 606 


1120 


486 


8-9 


34-5 


99 


1263 


900 


363 


7-79 


20-86 


3 88 


871-4 


709 


162-4 



{See Plate 22.) 



Model No. 5. Torpedo boat. Tested in tank at Spezzia, Italy. 
(See Trans. Inst. Naval Architects, paper by Major Giuseppe 
Rota.) Actual dimensions: — 12*33 x 135 x 0-32 ft. draught. 
Displacement = 145*2 lbs. Block coefficient = 043. I = 0-123 3. 

\/ I =0 351. ^3 = 0-001872. - 





Kcsistance. 


Skin 


Wave 


Knots. 


in lbs. 


resistance. 


resistance. 


7-2 


11-02 


5-9 


5-12 


6-8 


9 83 


5-13 


4-7 


6-32 


8-7 


4-48 


4-22 


5-83 


7-5 


3-83 


3-67 


5-345 


6-05 


3-2 


2-85 


4-86 


4-74 


2-66 


2-08 


4-38 


3-304 


2-2 


1-104 


3-89 


2-424 


1-733 


-691 


3-4 


1-763 


1-353 


-410 


2-916 


1-278 


-985 


-293 


2-43 


•883 


•694 


•189 
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100-ft. model of above :— 100 x 10-95 x 2-595 ft. mean draught. 
Displacement = 34*6 tons. Block coefficient =0-43. 



Knots. 


Resistance in lbs. 


e.h.p. 


Wave h. p. 


Total. 


SIcin. 


Wave. 


20-8 
19-37 
18-0 
16-6 
16-23 
13-86 
12-48 
111 
9-69 
8-3 
6-93 


6 212 
5 560 
4 924 
4 253 
3 482 
2 766 
1948 
1589 
1079 
801-4 
574 


3 480 

3 050 

2 672 

2293 

1962 

1656 

1359 

1220 

860 

645 

473 


2 732 

2 610 

2 252 

1960 

1520 

1110 

589 

369 

219 

156-4 

101 


396 

381 

272 

217 

1625 

117-8 
745 
54-2 
32 1 
20-4 
12-2 


174 
149-4 
1242 
100 
70-9 
47-1 
22-5 
12-6 
6-51 
3-98 
2-15 



See curve for humps and hollows. 
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Table XLI.— Wakb Fkaction w (adapted from Mr Luke's Cnrves). 



Block 
coef. 



•86 
•36 
•37 
•38 
•39 
•40 



Single 
•crew. 



•064 

•069 

•074 

•08 

•086 

•09 



Twin icrews. 



Bowing 
sloped 0* 

to 
horizontal 



Bossing 
sloped 22* 

to 
horizontal. 



Model 
without 
bossing. 



•068 
•062 
•067 
•078 
•078 
•083 



•036 

•04 

•045 

•06 

•056 

•06 



•02 

•024 6 

•029 

•084 

•038 

•043 



Bossing 
sloped 45* 

to 
horizontal. 



•018 

•017 

•0216 

•025 5 

•03 

•085 



Bossing 
sloped 67|* 

to 
horixontal. 





•005 
•008 5 
•012 



•41 
•42 

•43 
•44 
•46 

•46 
•47 
•48 
•49 
•60 



•095 

•10 

•105 

•11 

•116 

•121 
•126 
•131 
•136 
•142 



•088 
•093 
•098 
•103 5 
•109 

•114 
•119 
•124 5 
•13 
•135 



•064 5 

•069 

•074 

•078 

•083 

•087 
•092 
•097 
•102 
•107 



•048 
•052 
•057 
•062 
•066 

•070 6 
•075 5 
•08 
•085 
•09 



•089 
•048 6 
•047 5 
•052 
•056 

•061 
•066 
•07 

•074 6 
•079 



•016 

•02 

•023 

•027 

•08 

•085 
•039 
•042 
•046 
•06 



•51 
•52 
•53 
•54 
•55 

•56 

•57 
•68 
•59 
•60 



I 



•147 


•14 


•162 


•145 


•168 


•16 


•163 


•156 


•168 


•160 6 


•174 


•166 


•179 


•171 


•184 


•176 


•19 


•181 


•195 


•186 



•112 
•116 5 
•121 
•126 
•131 

•136 
•141 
•146 
•161 
•156 



•095 

•10 

•106 

•11 

•116 

•119 
•124 
•129 
•134 
•139 



•083 
•087 
•092 
•096 
•10 

•105 

•11 

•115 

•119 

•123 



•054 6 
•058 
•062 
•065 6 
•07 

•074 
•077 
•081 
•085 
•089 



The curves given in Mr Luke's paper to the I.N. A., 1917, represented 
values of Wp^ the wake percentage in Mr Froude's nomenclature. The 

table ffives values of w = -Sp— . 

^ 1-hWp 
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Table XLI. — Wake Fraction tv (adapted from Mr Luke's Curves) 

—continued. 



Block 
coef. 



•61 
•62 
•63 
•64 
•65 

•66 
•67 
•68 
•69 
•70 



Single 
screw. 



•20 

•205 

•21 

•216 

•221 

•226 
•231 
•237 
•242 
•247 



Twin screws. 



Bossing 
sloped 0* 

to 
horizontal. 



Bossing 
sloped 22® 

to 
horizontal. 



•191 
•197 
•202 
•207 
•213 

•218 
•223 
•228 
•233 
•238 



16 

166 

171 

176 

181 

185 

19 

195 

20 

205 



Model 
without 
bossing. 



•143 
•148 
•lf.3 
•158 
•163 

•167 5 
•172 5 
•177 5 
•182 
•187 



Bossing 
sloped 45* 

to 
horizontal. 



•127 

•182 

•136 

•14 

•145 

•15 

•155 

•159 

•164 

•168 



Bossing 
sloped 67^* 

to 
horizontal. 



•093 
•096 5 
•10 
•105 
•108 5 

•112 
•116 
•12 
•124 5 
•128 



•71 


•252 


•244 


•21 


•192 


•172 


•1316 


•72 


•257 


•249 


•215 


•196 


•176 


•136 6 


•78 


•263 


•254 


•22 


•201 


•181 


•14 


•74 


•268 


•269 


•226 


•206 


•186 


•148 5 


•76 


•274 


•266 


•23 


•211 


•19 


•147 


'76 


•279 


•27 


•234 6 


•215 


•195 


•161 


•77 


•284 


•275 


•239 


•22 


•199 


•165 


•78 


•29 


•28 


•244 


•225 


•203 


•159 


•79 


•296 


•286 


•249 


•23 


•208 


•164 


•80 


•30 


•291 


•264 


•235 


•212 


•166 5 


•81 


•305 


•296 


•259 


•24 


•216 


•171 


•82 


•31 


•301 


•264 


•244 


•221 


•175 


•83 


•316 


•306 


•269 


•249 


•225 


•179 


•84 


•321 


•311 


•274 


•254 


•23 


•183 


•86 


•326 


•316 


•278 


•269 


•235 


•186 



The curves civen in Mr W. J. Luke's paper to the LN.A. , 1917, 
represented values of Wp^ the wake percentage in Mr Fronde's nomen- 



Wt 



clsture. The above table gives values of w = P 

1+t^* 
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Wake 



Ship. 






Coefficients. 



a 



.C 



Ambrose . 
Ansel m 
Basil . 
Benedict . 
City of Rome 



Derived destroyer 400 
Dominic . . 322 
Francis . . ' 355 
Gregory . . I 26 5 
Hilary . 4185 



1 

1 




375-2 


47-8 


4004 


50-1 


I338 


43^7 


,345 


43-5 


642 


52 



Prismatic. 






4> 



s 



23-5 I 7 654 
28 5 I ... 
23-5 7 495 
22^792 8180 
215 11200 



40 
42 3 
49-25 
400 
52*2 



10-6 
22-33 
23-5 
I 20-25 
23-5 



1920 

9T2O 
4 622 
9 300 





1 


-966 


• • • 


•961 


• • • 


•976 


■ • • 


•975 ' ... 


•911 


, 




-636 
•68 
756 
•836 
•647 



396 -762?, 
•778 -983 } 
•777 -98 i 
•755 ! -978 I 
-637 ; -956 



•659 
•708 
•775 
... , -859 
... t -71 



51 -54 



Hildebrand 
Huayna 
Justin 

Luke's model 
Manco 

Manning . 

Mercantile vessel 

Merchant vessel 



Michael 
Polycarp . 
Alban 

Passenger vessel . 
Stephen 
Vessel A . 



300-5 

340 

3755 

400 

3765 

400 



45^3 

46-5 

51-7 

57 

50-3 

58-1 



23 

25-08 

18 

23-5 

187 



6 240 

8 000 
10 584 

6 400 

9 932 
5 800 



•78 

•76 

•767 

•545 

•781 

•467 



•975 
-985 
•98? 
•977 
•78 



• • • 1 • • • 



• • • • • • 

•59 1 ^61 



• • • « • • 



•62! 
•791 
•794 
•773 
•664 



4403 


541 1 


23-5 


10195 


•637 


•973 


• • • • • • 


260-35 36^25 


18-0 


3 391 


•698 


-955 


• • • 1 • • • 


3.55 


48-7 


235 


8 930 


•767 


•976 


• • • • • • 


400 


58-8 


19-6 


7 650 


•581 


•855? 


•63 


•72 


300-3 


45-2 


18 


5 008 


•72 


• • • 


• • • 


• • • 


188 


32-7 


123 


1000 


•48 


•797 


• • • 


• • • 


188 


32-7 


12-3 


1000 


•48 


•797 


• • • ' • • • 


400 


50 


19-6 


7 200 -646 


•98! 


•68 , ^65 


400 


54 


19-3 


8 400 -705 


•98! 


•72 


•74 


400 


70-1 


270 


12 860 


•60 


•98? 


• • • 


• • • 



•666 
•73 

•785 
•68? 



•604 
•604 

• • • 

•72? 
•6131 



•78 
•769 

•800 
-60 
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W,.,.,„tio«. 


■s 












u 




11. 
Ill 


1 '5 


ii 


ill 


1 1"'' 1 


aoaree. 






z^ 


III 


§ ^ 


s-s 


s?| 










II 


■387 


It- 


S S 
1 


ij 

■217 


■202 


1 


__j_L 






■268 


1 ! 

15 1 ... : ... 


CalouUUd- 




■28 
■328 


■409 
■488 






•26 
•303 


■224 
'289 2 


1 
1 


14 ... i ... 
lO'S 1 ... 1 ... 






■388 


■58 






•866 


■277 


1 


9^5 ... ... 






■273 


876 


■33 


■248 


■22B 


■259 6 


1 


18'2 1 ^50 ... 


BakeV. 




-•018 


-•016 


-■01 


- -010 1 




■098 5 


2 


33 




■98 






■33B 


■S12 






■3a' 


■242 




10-5 






CaicuUlcd. 




■338 


■5]1 
■488 




::; 


■317 
■304 


■2416 
■228 5 


] 


105 
9'5 










■15 


■178 




.;: 


-084 2 


■103 7 


2 


n-2 










•16 


■178 






■088 4 


■098 8 


3 


u-a 






Calcalatfd. 




■298 


-428 






26 


213 1 


1 


10 










-333 


■SO 






■31 


■242 


1 


10-5 










12 


■]87 


■20 


■166 7 




■137 9 


2 






]'02 


Baker'. 




■31 


45 






277 




1 


li's 






Calculated. 




■189 


■23 


■11 


■0981 


'092 


'194 1 1 


10 


■49 


■90 


Biker. 




■186 


■23 


•12 


■1071 


■094 1 


■194 1 1 


16 


•64 


■90 






■156 


■184 


■16 


■130 5 




•106 2 2 






'96 






■188 


■231 


■20 


■166 7 




'116 2 




::: 99 






-13 


-16 


■20 


■166 7 




■077 6 2 


1S''2 


.. 104 






34 


■516 


"7 




'324 


... 1 1 '10 




Calculated. 




■33 


■402 






■31 


242 1 .10^7 








■82B 


■488 






■278 


■289 5 1 11-5 










■10 




■01 


■o's's 45 




080 9 2 


■98 


Baker. 




34 


■515 






323 


■266 , 1 10-6 1 ... 




Calculated. 




■188 


■232 


■18 


■153 5 




■238 ■ 1 19 ■SO 


■98 


Baker. 
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Table XLII. — Amoxtnt to bb added to the Efficiency 






Expanded area ratio 



•25. 



•8 


•018 9 


9 


•010 3 


1-0 


•007 9 


11 


•006 5 


^'2 


0031 


1-3 


•002 2 


14 


•0012 


r5 






•26. 1 -n. 


•28. i 


•013 €•018 8 
•010 0,009 8 


•013 
•009 4 



•007 7 007 6 -007 2 

t 

006 3i-006 2 r005 1 



•003 

0021 

0012 





•008 •OOSO 
•002 1002 
•00116 00113 




•29. 


( 
•30. 


012 7 


•012 2 


0091 


•008 8 


007 


•006 8 


005 


•004 8 


002 9 


•002 9 


002 


•002 


00112 


•00101 









•31. 



•32. 



38. 



•34. 



•0117 

•008 3 
•006 6 



•0111 



•010 6 



•008 0!^007 6 
•006 l|^006 9 



•004 7 '•004 4 004 3 004 



•010 
•007 
•006 6 



•002 8 
•0019 
•00100 




•002 7i 002 6 002 6 

•001 8|001 8 001 7 

•001 0]001 -001 

1 i 



Table XLIII.— Amount to be subtracted from the Effi- 



^ o 



•8 

•9 

1-0 

1^1 
12 
1-3 
1-4 
1-5 



•46. 



•0016 
•0013 
•0011 

•000 8 
•000 6 
•000 4 
•000 3 




Expanded area ratio 



•47. 

1 


•48. 


•49. 


•60. 


•0031 


•004 6 


•006 2 


•008 


•002 6 


•004 


•006 2 


•006 7 


•002 


•003 


•004 


•0061 


•0016 


•002 2 


•003 


•003 9 


•0010 


•0015 


•002 


•002 7 


•000 7 


0011 


•0014 


•001 8 


•000 5 000 7 


•000 9 


•001 1 















•61. 



•62. 



•009 8 •Oil 9 
•008 2 ^009 8 
•006 3 1 007 6 

I 
•004 8 ! ^005 7 
•003 2 ^003 9 
•002 2 -002 8 
•001 3 ',-001 7 




•68. 


•64. 


•013 9 


•015 9 


•0116 


•0181 


•008 8 


•010 


•006 7 


•007 7 


•004 6 


•006 3 


•003 3 


•003 8 


•002 


•002 2 
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FROM Curve, "when the Area Ratio ib less than 46. 
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iu three blades. 



— .£ 
a 9i 

o o 

Qi 



•8 

•9 

1-0 

11 
1-2 
1-3 
1-4 
1-6 



•36. 



009 2 
006 7 
005 2 

003 8 
002 4 
•0017 
000 9 




•36. 



•008 5 
•0061 
•004 9 

•003 6 
•002 2 
•0016 
000 85 




•37. 



•007 9 
•005 7 
•004 4 

•003 2 
•002 1 
•0016 
•000 8 




•88 



007 
•005 
•004 

•003 
•002 
•0015 
000 8 




•39. 



•006 
004 4 
•003 5 

•002 6 
•0017 
•0012 
•000 7 




•40. 



•41. 



005 2 
003 9 
003 

002 2 
0014 
0010 
000 6 




•004 3 
•0031 
002 4 

001 7 
•0010 
•000 8 
•000 5 




•42. 



•43. 



•44. 



•008 3 
•002 3 



002 2 -001 1 
001 6 000 8 



001 9 -001 2 000 6 



•0013 
000 8 
•000 6 
•000 4 




000 9 -000 5 
•000 6:000 4 
•000 4 -000 3 



•000 2 




•0001 




•45. 















OISNCY FROM CURYE, WHEN THE ArSA RATIO EXCEEDS '45. 



in three blades. 




•56. 


•68. 


•57. 


•68. 


•59. 


•018 


•020 


•022 3 


•024 6 


•026 9 


•014 9 


•016 7 


•018 4 


•020 3 


•022 2 


•0113 


•012 7 


•014 


•015 4 


•016 9 


•008 6 


•009 8 


•010 8 


•0119 


•013 


•006 


•006 9 


•007 6 


•008 4 


•0091 


•004 3 


•004 9 


•005 5 


•006 


•006 6 


•002 6 


•003 


•003 3 


•003 6 


•003 9 


















•60. •61. 



029 1 
•0241 
018 2 



•0312 
•026 
•019 8 



014 2 •015 4 
•0101-0110 
007 2'007 8 
004 2!-004 6 
1 
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The French quadruple-screw Atlantic liner "France." (See 
Ths Shipbuilder, 7, 11.) Lloyd's dimensions: Length b.p. 689 
ft. X breadth 7 5 '6. Load draught 29 ft. 10 in. Displacement = 
26 760 tons. Four shafts, 250 revolutions per minute. Parsons 
turbines. Total heating surface boilers 99 200 sq. ft. 120 furnaces. 
Total grate surface 2 b48 sq. ft. On her 24 hours' trial the vessel 
is said to have attained an average speed of 25 knots with about 
47 000 S.H.P. (at what draught of ship we do not know). 
Midship section coefficient = '972. 

Diesel oil-engined ship "Annam," built 1913. Installation 
almost identical with "Selandia." Twin-screw. Built by 
Burmeister & Wain, Copenhagen. 425 f c. overall x 55 ft. beam 
X 38 ft. 6 in. depth. Net register tonnage 3 325. Total 
carrying capacity 9 400 tons on a draught of 26 ft. 4 in. 
Average speed 11 J knots at sea. Double bottom carrying 1 254 
tons of ou, not including peaks. In No. 4 hold a deep tank 
between the two tunnels is capable of storing 80 tons of oil, and 
is used as an emergency tank in case of accident to the double 
bottom. Total crew 32 men, of which there are 7 engineers, 2 
electricians, 6 greasers — 16 in all in the engine department. Main 
engine cylinders 231| in. x 31^ in. 125 revolutions. H.P. 
pump of compressed air service driven from main engines. 
Two 8-cy Under Diesel oil engines, 3 200 (or 2 550 according 
to Internal Combicstion Engineering), B.H.P. 126 revolutions 
per minute. Two 4-cylinder 300 B.H.P. Diesel auxiliary 
engines, each driving a D.C. dynamo, 220 volts, and a large 
air compressor. Electric-driven emergency compressor, ballast 
pump, two sanitary and bilge pumps. Pumps, steering gear, 
winches, and windlass are electrically driven. Full speed 
consumption of oil, including the two auxiliary motors, 10*8 tons. 
Reversing the main engines is effected in two seconds. A small 
30 B.H.P. Tuxham hot-bulb engine, driving a dynamo at 110 
volts, is used for lighting the vessel at night in port when the 
winches are not in use. When the large auxiliaries are employed, 
the lighting circuit passes through a transformer from 220 to 110 
volts. The winches, etc., work at 220 volts. Fourteen winches 
and a warping winch aft. Electric windlass by Clarke Chapman. 
Hele-Shaw electric-hydraulic steering gear. A small vertical 
steam boiler, fired by oil, placed between the two thrust blocks, 
supplies steam to the room heaters and galley and fire 
extinguishers. Two electrically driven lubricating pumps and 
two water circulating pumps are placed at the forward end of 
the engine-roTom. Settling tank pump. Turning en^ne. 

Mr D. W. Taylor, in a paper read before the American Society 
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of Naval Architects and Marine Engineers in 1910 on "The Effect 
of Parallel Middle Body upon Resistance," deals with a series of 
experiments with models at the U.S. Model Basin to determine, 
from the point of view of resistance, the most suitable length of 
pai-allel middle body for full vessels of low and moderate speeds. 
The following notes are taken from The Shipbuilder, vol. iv. The 
models tested all had a midship section coethcient of '96, ordinary 
sections of shape shown by a drawing, and a ratio of beam to* 
draught of 2*5. Three series were tried having prismatic or 
longitudinal coefficients of '68, '74, and -80 respectively. Four 
sizes of models were used in each series to show the effect of 
different ratios of length to beam, and for each size of model five 
curves of sectional areas were used, corresponding to different 
percentages of parallel body. Altogether sixty models were 
tested. Skin fnctional resistance, which is the major factor in 
the type of vessel under consideration, is only affected by a very 
small amount, about 1 J per cent., by the variations of form. As 
regards residuary resistance, however, the experiments showed 
that there was a most suitable length of parallel middle body 
for minimum resistance, varying with the speed and prismatic 
coefficient, but not greatly affected by the size of model, i.e, the 
ratio of length to breadth. Curves were given showine the 
length of middle body at different speeds for minimum residuary 
resistance, and curves also showing the variation which can be 
made in this length without increasing the residuary resistance 
10 per cent., or the total resistance 3 per cent., assuming the 
residuary resistance to be 30 per cent, of the total. In his paper 
Mr Taylor says : " While tne results, strictly speaking, refer 
anly to models similar to the parent form used, aud the actual 
residuary resistances given are not perhaps the minimum that 
may be obtained, I think there is little doubt that, as regards 
desirable length of parallel middle body from the point of view 
of resistance, they should apply with reasonable approximation 
for almost any type of form such as would be used for full 
vessels. . . . Broadly speaking, from the point of view of 
resistance alone, for the range of speeds attained in practice bv 
full vessels, the optimum length of parallel middle body is for "a 
longitudinal coefficient of '68 from 12 to 16 per cent., but it may 
be made 25 per cent, without material increase in resistance. For 
a longitudinal coefficient of '74 the optimum length of parallel 
middle body is from 24 to 27 per cent., but it may be made from 
36 to 40 per cent, without material increase of resistance. For a 
longitudinal coefficient of '80 the optimum length of parallel 
middle body is from 32 to 35 per cent., but it may be made from 
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44 to 48 per cent without material increase of resistance. Tt^ 
conclusions apply to values of speed-length coefficient above -50. 
For very low-speed vessels the residuary reastance is .^^li * 
small percentage of the total that the limits above may evidenUy 
be materially exceeded." ^, 

The curves on Plate 13 show the relation between speea- 

length ratio — and prismatic coefficient and block coefficient 

for actual service speeds. The uppermost curve represents 
** highest economical speeds" token from Mr G. S. Baker's book 
Ship Form, Raidancc and Screw PrapuUion, 1915. The speeds 
*t the right hand are for torpedo-boat destroyers. 



= 



_ EH. P. 



aU' 



X427 1. 



J , E.H.P. __ ^ 
Let . .. ^ - = />. 



LH.P. 



Atv* ^x 427-1 

"0" 



LH.P. 



ir 



E.H.P. (naked model ) _ .ka — „ 
LH.P. of ship 



have 



LH.P. = 
A*V' 



A^V* X ® 



213-5 
213-5 



LH.P. 
£ p ^ *46, as in many cases, then 

A*V* _ 196*6 



(1) 



LH.P. 
E.H.P. 



(2) 



S.H.P. " ^^» 
f ten the case with direct turbines in a smooth 

AtV» 235 
S.H.P. - 



sea, then 



(3) 



ne of Mr Baker's economical speeds would be 
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^73 



V = 1-34 X 



V- 



699 X 400 



= 15-81 knots. 



Let us consider 
(k) = about 1-77. 



j==r = -70 or V = 14 knots as the trial speed 



® 


V. 


Percentage 

of trial 

V. 


Likely 
values of 

p. 


B.H.P. 


I.H.P. 


I.H.P. 


1-4 
1-5 
1-6 
1-7 
1-8 
1-9 


11-07 
11-86 
12-66 
13 44 
14-22 
16-02 


79 

84-6 

90-4 

96 

101-7 
107-3 


•438 

•452 

-461 

•4d2 

•46 

-452 


1115 
1289 
1632 
1940 
2 222 
2 672 


2 550 

2 850 

3 540 

4 200 

4 830 

5 910 


240 
264 
259 
261 
269 
260 



The values of p and trial speed are taken from Plate 38. 

Mr G. S. Baker's (1913, mercantile ship forms) Set E, model 
196 :— 400-ft. ship. Block coefficient = -805. Prismatic = '824. 

j-j — g-= 176. One of Mr G. S. Baker's economical speeds is 
llOO/ 



V = 1-34 X 
= 12*18 knots. 



v^ 



400 



Let us take trial speed V = 10-69, — rt = *534 for this form. 

Vl 



(K) = l 


1-31. 












® 




Percentage 


Likely 






aIv» 


V. 


of trial 
V. 


values of 
p. 


B.H.P. 


I.H.P. 


I.H.P. 


11 


8-92 


83-6 


•456 


649 


1421 


251 


1-2 • 


9-73 


91 


•463 7 


865 


1849 


250 


. 13 


10-64 


98-8 


•47 


1104 


2 350 


250 


1-4 


1136 


106.2 


473 


1448 


3 060 


241 


16 


1217 


118-9 


• ■ • 


1847 


3 890 


284 



18 
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In averaging results of trials to obtain the "mean of the 
means,'' the results are tabulated in the order in which they 
are run, thus : — 



Meas- 
iured 
si>eed. 



l«Hrst meau. Second mean. 




Third mean. 



Fourth mean and 

average, or 

" mean of the means." 



V,+3V,+3V,+V, \ 

1 ' \\ 

| v.+3V.+3V,-HV. lf 

i 8 ) 



V, + 4V,+6V,-f4V4+V, 
16 



This has been the approved method on the Clyde and else- 
where for upwards of a generation. The mean so obtained differs 

slightly from the arithmetic mean ^1 + ^2 + ^3+ V4 + 'V'5^ but is 

5 
more accurate. 



Plotting Trial Analysis Results upon a Base of 
Percentages of Full Speed. 

Some standard curves intended for the use of shipowners' 
staffs are shown on Plates 36 to 39. 

The American practice of running standardisation trials is an 
admirable one, particularly if the trials are at load draught. 

A diagram derived from one of these trials, showing mean 
pressure referred to L. P. cylinder (for reciprocating-engined 
steamships) as ordinates, plotted upon a base of percentages of 
full-speed revolutions per minute or percentages of ship's full 
speed as abscissae, is invaluable. When no standardisation trial 
results are obtainable, spots can always be plotted, taken from 
indicator diagrams or torsionmeter readings on voyage. There 
will be a curve for each draught of ship, showing mean pressures, 
consumptions, etc., corresponding to fuUy loaded condition, partly 
loaded and lightly loaded. Such curves for a number of vessels 
will be found to resemble one another very closely when the- 
abscissae are percentages of full speed, or full power, or full-power 
revolutions, or full-speed revolutions per minute, and by the aid 
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of such diagrams the performance of a ship can be predicted with 
some accuracy. A diagram of this description can easily be 
drawn for any ship fitted with an indicator or a torsionmeter. 
What is necessary is for the engineer to give a correct statement 
of the number of revolutions per minute of the engines when the 
power is being measured, the revolutions per minute at the time 
the indi^tor is used. It is surprising how closely the curves of 
mean pressure referred to L.P. for a cargo-passenger steamer, a 
yacht, a tramp, a trawler, or a huge liner resemble those of 
" Argus " and " Edgewater " when plotted on percentage abscissae 
of revolutions in this way. A curve from (revolutions)^ is a 
useful guide on such a diagram. Coal-consumption and steam- 
consumption results can be plotted and faired for ships just as 
well as results in land practice for consumption in lbs. per 
kilowatt hour, per B.H.P. hour, or per I.H.P. hour on abscissae 
representing fractions of full load. The same method extended 
to propulsive efficiency and propeller efficiency is illustrated on 
Plate 37, where the curves marked C, E, G, H, K are taken 
from the interesting table of typical ships given in the excellent 
paper on "Geared Turbines for Ship Propulsion " to the Institution 
of Engineers and Shipbuilders in Scotland in 1914 by Messrs G. M. 
Welsh and W. D. M'Laren. Messrs M*Laren and Welsh gave the 
trial particulars. We have added the probable sea speeds. 

C, Twin-screw Channel steamer with geared turbines. 324 x 
40*5 X 12 ft. draught. Displacement = 2 380 tons. Block 
coefficient = -53. Prismatic coefficient = *57. Midship 
section coefficient = '930. 22 knots on trial. 280 revolutions. 
3 blades. Diameter = 9 ft. 6 in. Pitch = 10 ft. in. 
8 190 total S.H.P. 

E, Single-screw cargo tramp, with either triple-expansion 
reciprocating steam engines or geared turbines. 400 x 
53*4x25 ft. mean draught. Displacement =11 900 tons. 
Block coefficient = '78. Prismatic coefficient = 81. Mid- 
ship-area coefficient = 963. 11 knots trial. 2 250 S.H.P. 
70 revolutions. 4 blades. Diameter = 18 ft. 6 in. Pitch 
= 17 ft. 6 in. About 10*7 knots at sea with the same 
power (recip. 2 607 I.H.P.). 
" G, Twin-screw passenger and cargo vessel. Triple-expansion 
reciprocating steam engines. 484 x 60*5 x 19*4 ft. mean 
draught at trial. Displacement ^ 11 520 tons. Block 
coefficient = -71. Prismatic coefficient = -75. Midship- 
area coefficient = 947. 16 knots on trial. 87 revolutions. 
3 blades. Diameter =17 ft. 3 in. Pitch = 21 ft. 6 in. 
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7 250 total I.H.P. About 16'6 knots at sea with the same 
power at the same draught, or about 15*15 knots at 
24 ft 6 in. draught at sea. 

H, Twin-screw passenger liner, with quadruple-expansion 
reciprocating steam engines. 529x62*2 x 21*2 ft. mean 
draught at trial. Displacement =13 560 tons. Block 
coefficient — '68. Prismatic coefficient = '72. Midship- 
area coefficient = '944. 18 knots on trial. 82 revolutions 
per minute. 4 blades. Diameter = 18 ft. 3 in. Pitch = 
24 ft. 9 in. 10 930 total I.H.P. on trial. About 171 
knots at sea with the same power at the same draught, or 
about 17 knots at sea on 25 ft. draught with the same 
power. 

K, Quadruple-screw liner, with steam turbines direct coupled 
to propeller shafts. 729 x 81 x 292 ft. mean draught. 
Displacement = 29 550 tona Block coefficient = '60. 
Prismatic coefficient = '64. Midship-section coefficient = 
•938. 24 knots. 42 000 total S.H.P. 230 revolutions per 
minute. 4 blades. Diameter = 11 ft. 9 in. Pitch = 
13 ft. in. 

The steam consumption in lbs. per H.P. hour are given on the 
same diagram as the propulsive coefficient and the propeller 
efficiency (Plate 37). 

The loss of power by friction of the shafting and stem tube 
may be estimated at 4 per cent., and if the alignment is good this 
estimate is not far wrong. The efficiency of tne gearing does not 
usually enter the power calculations, because it is understood that 
the rated S.H.P. is to be developed abaft the gear box, and steam 
consumption rates are always understood to be on this basis. 
The mechanical efficiency of a good double-reduction gear is 
about 95 per cent 

/E H P \ 
With regard to the propulsive coefficient ( * ' ' ), when the 

\ b.ll. r./ 

S.H.P. is measured, as it usually is, aft of the thrust block, if we 
take Taylor's E.H. P., 

S.H.P. = E.H.P. X „..ii -^,_ X ii s — X 



Hull efficy. propeller efficy. transmission efficy. 



i? rr D * 1 1 

-E.H.P.XTjjxrgjx.^ 

= liSji!: for trial trip resultt, 
•60 *^ 
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a higher propulsive coefficient than the average, but justified by 
results which have been analysed for passenger liners. 

E.H.P at 14 knots (smooth water) _ .45 ^^ .^ according to 
I.H.P. at 14^ knots at sea 
weather. 



Table XLIV. — e^, or Mechanical Efficiency of Main 

Engines at Full Power. 



Effici- 
ency 
of gear. 

Innr 






Ratio of power delivered 


Thrust 
block. 


Other losses or 
gains. 


to propeller to power at 

aft end of engine, or 
overall efficiency of the 




»"8* 






gearing at full power. 


Cteared tur- 


98 per ' 


1 per 


Windage, 2 or 3 


•94 or '9b with astern 


biues with 


cent. 


cent. 


per cent, loss due 


turbine of half ahead 


mechanical 




loss. 


to astern turbine 


power. 


gearing 20 : 1. 






of 50 per cent. 


•92 or '93 if astern 






capacity. 


turbine is for higher 


Double reduc- 95 per 




For higher astern 


power. 


tion. cent. 




power the wind- 










age loss is greater. 




Hydraulic 


90 per 


Includ- 


2 per cent, gain 


•92 large powers. 


- transformer 


cent. 


ed in 


due to making use 


•88 small powers. 


(FOttinger). 




the 


of trnnsformer 


•90 possible astern. 


Reduction 




fore- 


waste heat in 




ratio 4 '6 : 1 to 




going. 


heating the feed 




10:1. 






water. 




Turbines with 


90 per 


2 per 


Generators, motors, 


•80 to -88. 


electrical 


cent. 


cent. 


shafting, 10 per 




transformers. 


or less. 




cent, loss or 




Reduction 






more. 




ratio 18 : 1. 










Direct turbines. 


• • 


2 per 


1 per cent, loss in 
shafting. 


•97 i.e -^•^•^•a-97 






cent. 


""' ' ' S.H.P. *^' 










-s shaft transmission 










efficiency. 


Reciprocating 




2 per 


Friction of engines 


88 to 90, seldom over 


steam engines. 




cent. 


and shafting 6 to 
14 per cent. loss. 


•88. 



There is a difference of about 13 or 14 per cent, in power for 
a difference of ^ a knot in speed between 14 and 15 knots, and 
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this is about the amount accounted for by ordinary moderately 
good weather and sea. Or we may take about 15 per cent, 
increaae in S.H.P. at sea for corresponding speed on smooth water 
trial. Superintendent engineers should be able to get reliable 
figures for this, but power readings which appear consistent with 
the log book are difficult to find. 



Electric Transmission. 

From a diagram by Mr H. A. Mavor, printed for the discussion 
on Mr BelVs paper to the I.N. A. in 1908 on the trials of the 
" Lusitania," the following comparison was given, from par- 
ticulars furnished by Messrs C. A. Parsons & Co. in 1907 : — 



t 



Shaft H.P. 



10000 



20 000 80000 




"LusiUnia,' Ibf. 24*8 19 7 . 155 

steam per S.H.P. | 

hour. , j I * 

'• Carville,'* steam ,17 . U 127 

in lbs. per S.H.P. 

hour. 



14-3 
12-2 



50000 

13-6 
12 



60000 170000 



13 12-6 



12 12-1 



75000 



12-4 
12-25 



For direct comparison at relative fractions of full load, the 
Carville figures were adjusted by translating the kilowatts into 
shaft horse-power assumed to be delivered by a motor of Q4 per 
cent, efficiency— 1.«. 1 K.W. = 1-26 S.H.P. 

The Carville trials were with superheated steam, and a correc- 
tion of I per cent for each 10** Fahr. of superheat was applied, 
so as to make the comparison as for saturated steam. 

In the case of the Carville plant (a land installation), the 
efficiencv was said to be maintained nearly constant up to double 
full \osA, the actual shaft H.P. being about one -fourteenth of that 
of " Lusitania." 



Shaft Friction. — The following information has been taken 
from the Transactions of the Institute of Marine Engineer*^ 
December 1915: — Tail shaft with brass liner, running iu stem 
bush lined with lignum vitae, and lubricated with sea water ; 
coefficient of friction =*094. Steel shaft running in white metal, 
and lubricated with oil ; coefficient of friction = -048. 



Miscellaneous Data 279 

Thrust-Block Friction. 

Experiments have been made with marine engines to determine 
the amount of power lost by friction at the thrust block. In 
a paper on this subject read before the Institution of Naval 
Architects (see Transadimis^ 1899), Herr F. von Kodolitsch 
described how its amount had been electrically measured in the 
case of a triple-expansion marine engine of 600 I.H.P. The 
engine had cylinders 13| in. - 22 J in. - and 36 in. dia. x 24 in. 
stroke. At 136 revolutions per minute, the speed of ship being 
12 knots, I.H.P. = 600. 

Indicated amperes x indicated volt s _ indicated electrical 

746 horse-power. 

With a thrust block of the ordinary type, 2975 I.H.P. were lost ; 
and with a thrust-block on the roller system, 2*4 horse-power were 
lost. Taking the first result as an average for ordinary marine 
engines, then we may say that ^ or 5 per cent, of the indicated 
horse-power is lost in thrust-block friction. The Michell thrust 
block, with only one thrust shoe, used in most geared turbine 
steamers, minimises the friction loss. 

Engineering^ in an article dated 1st December 1916 on 
"The Willans Line for Steam Turbines," refers to the larger 
proportion of the wastes of energy, which are due mainly to 
windage, leakage losses, and fluid friction, as proportional to the 
load. " The resistances and losses which are independent of the 
load are merely those due to the bearings and thrust block, the 
oil pump and governor drive, and to the glands." Examples 
are given showing how the latter, "the constant losses, can be 
calculated with fair accuracy. ^ The power absorbed in a turbine 
bearing in ordinary running conditions is, for example, given by 
the relation : — Power absorbed in bearing, d inches in diameter 
and I inches long, 

.l/il\Yl\?iP^ in horse-power 

3\io/\ioy 100 ^ 

^Vl^Y^R:^ in kilowatts 

4Vioy Vio; loo 

= 860/^-^ V-i . MiM: in B.Th.U. per hour. 
\\0) 10 100 ^ 

The above coefficients, it will be seen, are rounded-off numbers, 
since 3 kw. is not exactly 4 h.p." 

In a turbine having main bearings 12 in. in diameter by 38 in. 
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long, nmning at 750 r.p.in., the power absorbed by one bearing 
is 13*7 h.pu ^ The thrust bearing has 12 collars 1 in. deen ana 
10 in. in mean diameter. The resistance of snch a thmst \>lock 
is approximately ^ lb. for each square inch of oil under load, so 
that the power ab«>rbed by the thrust block is in round figures 
giTen by the relation 

Power absorbed = -j • f j^j • -j^ horse-power, 

where N denotes the number of collars, h their breadth in inches, 
and d the mean diameter in inches of the collars. For the same 
turbine this formula gives 11*3 h.p. as the power absorbed. If 
we increase this to 16 h.p., the power absorbed by the oil pump 
and governor drive will oe pufficienllv allowed for." 

The experiments of Gibson and Ryan on the friction of 
rotating discs (Min, Proe, Inst, C^., vol. dxxix) make possible 
a fair estimate of the power absorbed by the water glands. From 
these experiments we find that the power absorbed by a smooth 
thin disc of diameter d in^ rotating in water, is given by the 
relation 

FnctionH.?. =5^.(^j5JLj^.-^^^J • 

The addition of ribs to the disc increased this in a ratio of, say, 
4-5 to 1. 

From the above, and noting that a disc has two sides, we further 
deduce that the f fictional resistance of a cylinder of diameter d 
and length I is expressed by 

u.--*; TTi> ^ ^ ^r^ RPJ4.T' 

In the turbine mentioned, 5 347 b.kw., the fixed resistances were 
estimated as 66 kw. *'The indicated efficiency of a turbine 
varies with the ratio of expansion. In many cases, particularly 
with reaction turbines, which for commercial reasons have hitherto 
been run much below their most economical speed, the indicated 
efficiency at fir^t increaiies as the load is reduced, afterwards 
diminishing again somewhat rapidly. It is, however, possible, 
to a fair de^ee of accuracy, to deduce from the actusd Willans 
line the Willans line corresponding to a constant indicated 
efficiency by making use of the proposition, which is very 
approximately true, that when a tiurbine is throttle-governed 
the indicated efficiency depends solely on the ratio of initial to 
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final pressure." A diminution of vacuum from 28'51 to 2723 in. 
would reduce the gross output from 6 413 to about 6 100 gross 
kw., and would increase the steam consumption per b.kw. hour 
by about 6 per cent. 

Engine Efficiency. 

(a) Reciprocating Steam Engines, — The indicated horse-power, as 
given by the indicator, exceeds the power delivered to the pro- 
peller by a considerable amount, on account of the friction of the 
moving parts, but by how much it is difficult to say definitely. 
The late Mr Blechynden's conclusions on the subject, published 
in the Transactions of the North-East Coast Institution of Engineers 
and Shipbuilders, 1891, are still of value, and are perhaps as sound 
as any that hsyye since been promulgated. 

S H P 

e = ' • ' = the mechanical efficiency of the engines, or " engine 

I.M.P. 

efficiency," the ratio of the work got out to the work put in. 

Torsionmeters are rarely applied to reciprocating engines on 
account of the unevenness of the turning moment, the fluctuations 
in the readings being so great that it is seldom considered possible 
to obtain from them an accurate estimate of the shaft horse-power 
(S.H.P.). Th^ Shipbuilding and Shipping Record, 16th July 1914, 
mentions, however, that Messrs Denny & Co. claim to have haa 
fairly reliable readings with torsionmeters on i;pciprocatine 
engines, and have arrived at the conclusion that it is not unusual 
to have engine efficiencies of 92 per cent. The North Gferman 
Lloyd claimed 94 per cent, in one large steamer's engines. The 
friction of the en^nes and shafting consists of initial friction 
+ load friction. In a progressive speed and power diagram, 
plotted upon speed in knots as abscissae and horse-power as 
ordinates, the power expended in overcoming initial friction + 
load friction is represented by a slightly curved line, concave 
upwards (almost straight^ below the I.H.P. curve, sloping 
gradually upwards from slow speeds to full speed. The power 
delivered to the propeller (i.e. as nearly as possible the prake 
horse-power at the propeller shaft) at any speed is the difference 
between the ordinate of this curve and that of the curve of I.H.P. 
A good example of curves of initial friction and load friction is to be 
found in Professor C. H. Peabody's paper to the American Society 
of Naval Architects and Marine Engineers, 1899, on the trials of 
U.S.S. '* Manning," where the power expended on engine friction 
at full speed was 11*4 per cent, of the maximum I.H.P. The 
engine efficiency was therefore '886. In the progressive trial, at 
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speeds varying from 5 knots to 16 knots, the engine efficiency 
varied from '565 to 886 ; in other words, the shatt horse-power 
varied from 56*5 per cent, to 88*6 per cent, of the indicated horse- 
power. 

In a discussion at the Institution of Naval Architects in 1898, 
Sir Wm. H. White gave it as his opinion, resting on a large 
number of analyses, that, with a waste on the propeller of from 
30 per cent, to 35 per cent., the dead load friction (or initial 
friction) might vary from 6 to 9 per cent., and the working load 
friction from 7 per cent, to 8 per cent, at full power, and that the 
delivery of power to the propellers at full power would therefore 
not be likely to exceed 80 per cent, to 85 per cent, of the I.H.P. 

Mr D. W. Taylor gives initial friction about 3 to 9 per cent, 
depending upon the number of pumps worked off the main 
engine, and load friction about 7 per cent, of the remainder after 
deaucting initial friction power from the original I.H.P. at full 
speed. By his focal-diagram method the initial friction has been 
very carefully computed for several vessels. 

Our own opinion is that when only the air, feed, and bilge 
pumps are driven from the main engine levers, we may take the 
engine efficiency at about 86 at sea for good engines, running at 
600 to 700 feet per minute piston speed., and '87 at maximum 
trial power. For engines driving reciprocating circulating pumps 
in addition to air, feed, and bilge pumps, the engine efficiency may 
be taken at ;84 at sea {i.e. at about '9 of full power^ and about 
•85 to '855 at maximum power. With all the pumps independent 
of the main engines, the mechanical efficiency may be '87 on 
ordinary service at '9 full power, and '88 at maximum trial power ; 
and with forced lubrication, as in some first-class cruisers com- 
pleted in 1907, about '89 to '90. On the basis of trials of large 
vertical engines of the marine type driving electric generators, it 
is often assumed that the mechanical efficiency of the engine is 
•86 to -90 at full power. The Vulcan Company are said to have 
proved that the mechanical efficiency of the main engines of the 
" Kaiser Wilhelm II." was '94 in ordinary service, but this is too 
high a figure to take as an average. 

(b) Mechanical Efficiency of KedproccUing Internal Combustion 
Engines. — In most marine four-cycle motors driving an air com- 
pressor direct, and also with circulating water and lubricating 
pumps, the efficiency may be taken as irom '75 to '80 — '78 per 
cent, being perhaps a fair average. When the air compressor is 
not driven by the main engine, a higher efficiency may be obtained. 
In very exceptional cases it has reached 85, but '80 is a fairer 
figure to take as an average. 
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In two-cycle engines driving air compressors and one or two 
auxiliary pumps, the mechanical efficiency does not at present 
exceed about -72. In determining the power for a motor-driven 
ship, 10 par cent, should be added if running in (tropical) waters 
over 80" F. (See p. 392.) 

(c) Geared Turbines. — With good mechanical gearing the loss 
is very slight — perhaps 2 per cent., i.e. the mechanical efficiency 
is of the main engines, ana gearing may be '98, though it is often 
taken as '95. 

id) Direct Turbines. — The S.H.P. by torsionmeter, the power 
delivered to the propeller, should be prized as an invaluable fieure 
whenever it can be obtained. The torsionmeter can be used to 
determine the loss due to thrust-block friction. 

In settling the horse-power required for a new ship, from model 
experiments, it is usual to tate the E.H.P. obt^oned from a 
naked model, i.e. a model without appendages. The ratio of the 
E.H.P. from the naked model to the I.H.P. of the full-sized ship 
with appendages is, of course, a lower propulsive coefficient than 
the propulsive coefficient which would be obtained by using an 
E.H. R obtained from a model with appendages ; but this is 
largely due to the fact that the eddies for models with appendages 
differ from those of full-sized ships, and appendage resistance 
from models is apt to be exaggerated. 

E H P 

For ships driven by reciprocating steam engines j Vr p ' is 

frequently '55, though '50 is usually taken in design. 

Corresponding to the figure given above, a lower figure, say '44, 
should be taken when the propeller shafts are driven direct by 
turbines. 

Analyses for a great many ships show a considerable variation 
in propulsive coefficients, but these are fairly consistent for types 
of ships, and all the small low-speed boats show low coefficients 
and the high-speed liners high coefficients. So far no conclusion 
has been arrived at as to why this should be so. 

In the discussion on a paper by Mr T. G. Owens to the Inst. 
N.A. in 1914, the consistently high propulsive coefficients of 
vessels with triple screws as compared with (quadruple screw 
ships was ascribed largely to the better utilisation of the wake. 
Si^or Orlando remarked upon the inferior position, in that 
respect, of the wing propellers of the four screw vessels, and the 
increase of resistance due to the appendages of the shafts. 
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Gunboat "Ceram." {Tram. Inst, Naval Architects^ 1888.) 
Trials (July 26), 8*96 ft. mean draught. Copper sheathing. 
E.H.P. from model experiments. Actual ship: — 152 x 25*6 x 
8*95 ft. mean draucht. Block coeflBcient = 0'513. Mid-area 
coeflBcient = 0*783. Mid area = 179 sq. ft. Prismatic coefficient 
= 0*654. Displacement = 510 tons. Wetted surface = 4 600. 

Cylinders ^-5^5^f? !^" ^^- "^- x 1 20 lb. press. Propeller 4 blades. 

Diameter = 9 ft. Expanded surface = 30 sq. ft. Pitch = 13 ft. 




E.H.P. calculated by author of paper. 




Knots. 


LHP. 


Skin H.P. 


B.H.P. 
I.H.P. 


I.H.P. 


625 


61-2 


24-1 


fl • • 


264 


8-6 


197-4 


57-5 


•683 


198 


8-84 


204*4 


64 


•69 


216 


8-95 


219-5 


66-2 


692 


209 


9-896 


2651 


76 


•60 


206 


12124 


607 


156-3 


•646 


187 


1219 


616-6 


159 


•645 


186 



I.H.P. varies as (speed)* at 11*96 knots. 

The coefficient of skin friction "/" is taken at 0*00953 for the 
full-sized ship. 
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Cruiser "Colorado." (Proceedings American Society of Naval 
Architects and Marir*e Engineers, 1904. Paper by Mr J. W. 
Powell.) Actual vessel :— 502 x 695 x 23*92 ft. draught. Dis- 
placement = 13 670 tons. Block coefficient = 0*581. Wetted 
surface = 44 250 sq. ft. Midship area = 1 595*5 sq. ft. Mid- 
area coefficient = 0*972. Trials in 29 fathoms. Area of water 
line, 23 900 sq. ft. Coefficient of water plane = 0*688. Angle 
of W.L. entrance = 12*. Angle of run = 17*5*. Prismatic co- 
efficient = 0*599. 

Engines ^^J ^"- " ^^^ ^^- 7 ^^ '''' " ^^ ^^' x 265 lbs. Heating 

48 m. 

surface = 68 537 sq. ft. Grate area = 1 632 sq. ft. Two pro- 
pellers, three-bladed. Diameter = 18 ft. Pitch = 22 ft. 92 
sq. ft. expanded surface each. 



Knots. 


Mean 
I.H.P. 


E.H.P. 
from 
tank. 


RevB. 


Pro- 
peller 
effcy. 


I.H.P. 
sq. ft 

W.S. 


App. 

•lip per 

cent 


LHP. 


Skin 1E.H.P. 
H.P. LHP. 

( 


16-6 

17 

19 

20 

21 

22 

22*24 


7100 
8800 
12 600 
16000 
20300 
241U0 
26 000 


8 500 
4 700 
7 000 
8600 
10900 

13 800 

14 500 


84 

91 
108 
109 
115 
122-8 
124 


50 

54-5 

56 

54 

54 

57-5 

58 


•545 


14*2 
14*8 
14-8 
15-4 
16-8 
17-5 
17-8 


300 
820 
812 
;286 
261 
258 
252 


2 860 

3 710 
5110 
6910 
6 770 
7750 
7980 


-494 
535 
•555 
•587 
•537 
•573 
-68 



100-ft. model of "Colorado ":— 100 x 13*85 x 4*77 ft. draught. 
Displacement = 108 tons. Block coefficient = 0*581. W.S. = 
1 757. Mid-area coefficient = 0*972. Prismatic coefficient = 
0*599. 

Humps and hollows clearly marked. 



286 Steamship Coefficients, Speeds and Powers 



U.S.S. "Manning.'' Single-screw. (Described by Professor 
Cecil H. Peabody in Proceedings of the American Society of Naval 
Architects and Marine Engineers.) Actual ship: — 188x32 'Six 
1^'33 ft. mean draught. Displacement = 1 000*7 tons. Block 
coefficient = 0'48. Wetted surface = 7 273 sq. ft. 

Engines, 25 in. -37j^in. - 56^ in^ Propeller diameter = 11 ft. 
^ ' 30 in. ^ 

Pitch = 12-33 ft. ,,.^1^^ = 1121. Area ratio = 0*421. Hub. 

Diameter 

= 1*875 ft. diameter. 



• 

en 

a 
\4 




> 

f4 


> 


• 

m 

• 


• 


Initial 
friction 
power. 


Load 
friction 
power. 


Skin 
esistance 
power. 


Wave 
esistauce 
power. 


^''ake gain 
nd thrust 
eduction. 


Engine 
fflciency. 












27 


3 


ti 


»4 


^ oS-O 


9) 


5 


69 


42-8 


ISO 


30 


20 


5 


5 


*565 


6 


100 


51-5 


215 


48 


38 


5 


34 


7 


7 




7 


141 


60*1 


243 


74 


38 


7 


52 


11 


11 


•68 


8 


194 


68*8 


264 


108 


44 


10 


76 


16 


16 


•744 


9 


263 


77*4 


276 


153 


49 


15 


106 


24 


23 


•767 


10 


354 


86-3 


283 


214 


55 


21 


142 


40 


82 


794 


11 


486 


95*8 


•274 


304 


61 


30 


187 


71 


46 


•812 


12 


671 


106*2 


257 


431 


68 


42 


239 


127 


65 


*836 


13 


920 


116*7 


238 


600 


74 


59 


299 


211 


90 


855 


14 


1245 


127*7 


220 


820' 


81 


81 


369 


328 


1*27 


•87 


15 


1661 


139*5 


203 


930 


89 


110 


449 


481 


160 


•88 


16 


2 181 


152 


188 


1221 


97 


146 


539 


682 


214 


•886 



The I.H.P. varies as the fourth power of the speed at about 
15*1 knots. 

Notice that T.H.P. (thrust horse-power) = Skin horse-power 
-f Wave-making horse-4)ower + wake gain and thrust deduction 
power. 

And E.H.P. (effective horse-power) = Skin friction horse-power 
+ Wave-making horse-power. 
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Torpedo-boat ** Biddle." Twin-screw. (From the Proceedings 
of the American Society of Naval Architects and Marine Engineers. 
Paper by Mr. Chas. P. Wetherbee.) Actual vessel : — 157 x 
16*25 X 4-81 ft. mean draught. 4*4 tons i>er in. immersion. 
Wetted surface = 2 540 sq. ft. 168 tons displacement. Block 
coefficient = 0*478. Mid-area coefficient =%0-724. Coefficient 
water plane (on trial) = 0*743. Prismatic coefficient = 0*663. 
Propellers, diameter = 6-68 ft. Pitch = 10*88 ft. Projected 
surface each = 1 440 sq. 



m. 





















Trial of 




Progressive trial of T.B. "Biddle,* 

35 days afloat; 


clean bottom, 




"Barney," 
sister ship 
(two boats 
identical), 
dirty bottom, 
126 days out. 


• 
0} 

s 


Revs. 


App. 

slip per 

cent. 


I.H.P. 


Wave 
H.P. 


1 

Skin 
H.P. 


E.H.P. 


Propulsive 
coefficient. 


I. H.P. 


Revs. 


I. H.P. 


11 


117 


12-61 


220 


30 


65 


95 


•432 


183-4 






13 


137 


11-79 


355 


75 


t 105 


180 


-507 


187-6 


137-4 


396 


15 


158 


11-76 


522 


130 


I 160 


290 


-556 


196 * 


160-5 


602 


17 


181-5 ■ 


12-98 


760 


245 


1 225 


470 


•618 


196 


185-2 


927 


18 


194-5 


13-97 


928 


325 


265 


590 


-635 


190-5 


198 


1150 


19 


207-7 


14-97 


1138 


420 


305 


725 


-637 


182-7 


210-9 


1410 


20 


220 


15-49 


1370 


500 


355 


855 


-624 


177 


223-4 


1705 


21 


231-4 


15-64 


1600 


585 


405 


990 


-619 


175 


235-2 


2 002 


22 


242 


15-49 


1835 


665 


465 


1130 


-616 


175-9 


246 


2 290 


23 


252-4 


15-29 


2 080 


750 


530 


1280 


•616 


177 


256-6 


2 585 


24 


262-6 


15-04 


2 340 


840 


' 590 


1430 


-610 


178 


2()67 


2 892 


25 


278 


14-87 


2636 


015 


670 


1585 


•601 


179 


•277 


3 230 


26 


283-3 


14-68 


2 932 


1005 


740 


1745 


.595 


182 


287-5 


3 590 


27 


i'94 


*14-63 


3 257 


1080 


830 


1910 


-586 


183 


•298 


8960 


28 


304-2 


14-44 


3 572 


1 165 


920 


2 085 


-583 


186 


308-4 


4 840 


29 


314-8 


14-37 


3 910 


1 255 


1015 


2 270 


-581 


189 


318-2 


4 730 


80 


325-2 


14-24 


4 225 


1.340 


1120 

1 


2 460 


•582 


193 


• •• 


... 



The I.H.P. is varying as the 3-2 power of the speed at about 
28-8 knots. 
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Table XLV. — ^Two-Thirds Powers of Numbers. 



Number. 


|rd 


ynmber. 


frd 


Number. 


|rd 


Nnmber. 


|rd 


* 


power. 




power. 




power. 




power. 






41 


11-9 


81 


18-72 


310 


45-80 


2 


1-58 


/ 42 


12-1 


82 


18-87 


320 


46-78 


3 


. 2-08 


43 


12-27 


83 


19-05 


830 


47-75 


4 


2-519 


44 


12-48 


84 


19-2 


340 


48-71 


5 


2*924 


46 


12-65 


86 


19-31 


350 


49-66 


6 


3-302 


46 


12-85 


86 


19-46 


860 


60-61 


7 


3-659 


47 


13-03 


87 


19-65 


370 


61 64 


8 


4-00 


48 


13-2 


88 


19-8 


380 


5246 


9 


4-326 


49 


13-4 


89 


19-95 


390 


63 38 


10 


4-641 


60 


13-58 


90 


20-1 


400 


54 29 


11 


4-946 


51 


13-76 


91 


20-25 


410 


65-19 


12 


5-241 


62 


13-93 


92 


20-4 


420 


56-08 


13 


6-528 


63 


14-11 


93 


20-52 


430 


56-97 


14 


6-808 


54 


14-3 


94 


20-66 


440 


67-86 


16 


6-082 


56 


14-46 


95 


20-81 


460 


58-72 


16 


6 349 


56 


1465 


96 


20-96 


460 


59-69 


17 


6-611 


67 


14-8 


97 


21-1 


470 


60-45 


18 


6-868 


68 


14-98 


98 


21-26 


480 


61-80 


19 


7-12 


59 


15-15 


99 


21-4 


490 


62-16 


20 


7^868 


60 


15 -83 


100 


21-54 


500 


62-99 


21 


7-611 


61 


16-5 


110 


22-96 


510 


68-83 


22 


7-851 


62 


15-68 


120 


24-33 


520 


64 66 


23 


8-087 


63 


16-83 


130 


25-66 


630 


65-49 


24 


8-820 


64 


16-0 


140 


26-96 


540 


66-31 


25 


8-549 


65 


16 17 


150 


28 23 


650 


67-13 


26 


8-776 


66 


16-35 


160 


29-47 


660 


67-94 


27 


9-00 


67 


16-5 


170 


30-69 


670 


68-74 


28 


9-22 


68 


16-67 


180 


31-88 


580 


69-54 


29 


9-439 


69 


16-83 


190 


33 05 


590 


70-34 


80 


9-654 


70 


16-98 


200 


34-21 


600 


71-13 


31 


9-868 


71 


17-16 


210 


35-33 


610 


71-92 


32 


10-08 


72 


17-3 


220 


36-44 


620 


72-71 


83 


10-28 


73 


17-46 


230 


37-54 


630 


73-49 


34 


10-49 


74 


17-67 


240 


38-62 


640 


74-26 


35 


10-70 


75 


17-8 


260 


39-68 


650 


7603 


36 


10-90 


76 


17-93 


260 


40-74 


660 


76-80 


37 


11-10 


77 


18-1 


270 


41-78 


670 


76-57 


38 


11-80 


78 


18-26 


280 


42-80 


680 


77-83 


89 


11-6 


79 


18-41 


290 


48-81 


690 


78-08 


40 


11-7 


80 


18-55 


300 


44-81 


700 


7884 
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Tabls XLV.— Two-Thibds Powers of Numbbrs— con«inw«i. 



Kamber. 


frd 
power. 


Number. 


|rd 
power. 


Number. 


frd 
power. 


Number. 


|rd 
power. 


710 
720 
730 
740 
750 

760 
770 
780 
790 
800 


79 59 
80-33 
81-07 
81-81 
82-55 

88*28 

84-01 

8473 

85-4 

8618 


1110 
1 120 
1130 
1140 
1150 

1160 
1170 
1180 
1 190 
1200 


107-20 
107-85 
108-49 
109 13 
109*76 

110-40 
111-03 
111-67 
112*30 
112-92 


1510 
1520 
1530 
1540 
1550 

1560 
1670 
1580 
1590 
1600 


131-61 
132-19 
132*77 
133-35 
133*93 

134*60 
135-08 
135-65 
136-23 
136-80 


1910 
1920 
1930 
1940 
1950 

1960 
1970 
1980 
1990 
2 000 


153-94 
154-47 
155-01 
166-64 
156-08 

156-61 
157-14 
157-68 
158-21 
168*74 


810 
820 
880 
840 
850 

860 
870 
880 
890 
900 


86*89 
87-61 
88-32 
89 03 
89-78 

90*48 
91*13 
91*83 
92-62 
93*22 


1210 
1220 
1230 
1240 
1250 

1260 
1270 
1280 
1290 
1300 


113-55 
11417 
114-80 
115-42 
116-04 

116-66 
117*27 
117-89 
118-50 
119-11 


1610 
1620 
1630 
1 640 
1650 

1660 
1670 
1680 
1690 
1700 


137-37 
137-93 
138-50 
139-06 
139*63 

140-19 
140-76 
141-32 
141-88 
142-44 


2 020 
2 040 
2 060 
2 080 
2100 

2120 
2140 
2160 
2180 
2 200 


16979 
16084 
161-89 
162*94 
163*99 

165*02 
166*06 
167*09 
168-12 
169*15 


910 
920 
930 
940 
950 

960 
970 
980 
990 
1000 


98-91 
94-59 
95*28 
95*96 
96*64 

97*32 
97-99 
98*66 
99*33 
100-00 


1310 
1320 
1330 
1340 
1350 

1360 
1370 
1380 
1390 
1400 


119-72 
120-33 
120-94 
121-55 
122 15 

122*75 
123-35 
123-95 
124-55 
125-14 


1710 
1720 
1730 
1740 
1750 

1760 
1770 
1780 
1790 
1800 


148-00 
143*55 
144-11 
144*66 
145-22 

145*77 
146*32 
146-87 
147-42 
147-97 


2 220 
2 240 
2 260 
2 280 
2 300 

2 320 
2 340 
2 360 
2 380 
2 400 


170*17 
171-19 
172-20 
173*22 
174*24 

175*24 
176-25 
177-25 
178-2 c^ 
179*26 


1010 
1020 
1030 
1040 
1060 

1060 
1070 
1080 
1090 
1100 


100-66 
101*33 
101*99 
102-65 
103-30 

103-96 
104-61 
105*26 
106-91 
106*56 


1410 
1420 
1430 
1440 
1450 

1460 
1470 
1480 
1490 
1 600 


125-74 
126-33 
126*92 
127-51 
128-10 

128-69 
129-28 
129-87 
130-45 
131-03 


1810 
1820 
1830 
1840 
1850 

1860 
1870 
1880 
1890 
1900 


148-52 
149 06 
149-61 
150-15 
150*70 

151-24 
151-78 
152-32 
152-86 
153*40 


2 420 
2 440 
2 460 
2 480 
2 500 

2 520 
2 540 
2 560 
2 680 
2 600 


180-26 
181-24 
182-23 
183-22 
184-20 

185-18 
186-16 
187*14 
188*11 
189*08 
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Table XLV.—Two-T birds Powers of Numbers— con^tnuoi. 



Number. 


|rd 
power. 


Number. 


frd 
power. 


Number. 


frd 
power.. 


Number. 


ird 
power. 


2 620 


190 05 


3 420 


226 99 


4 220 


261-14 


5 050 


294-34 


2 640 


191-02 


3 440 


227-88 


4 240 


261-96 


6100 


296-27 


2 660 


191*98 


3 460 


228-76 


4 260 


262-78 


5160 


298-21 


2 680 


192-93 


3 480 


229-64 


4 280 


263-60 


5 200 


300-16 


2 700 


193-89 


3 500 


230-52 


4 300 


264-42 


5 260 


302-06 


2 720 


194-85 


3 620 


231-40 


4 320 


265-24 


6 300 


303-98 


2 740 


195-80 


3 540 


232-27 


4 340 


266-06 


6 360 


305-89 


2 760 


196-76 


3 660 


233-14 


4 360 


266-87 


5 400 


307-80 


2 780 


197-71 


3 580 


234-02 


4 380 


267-69 


6 460 


309-68 


2 800 


198-66 


3 600 


234 -89 


4 400 


268-51 


5 500 


311-68 


2 820 


199-60 


3 620 


235-76 


4 420 


269-32 


6 650 


813-46 


2 840 


200-64 


3 640 


236-62 


4 440 


270-13 


6 600 


316-34 


2 860 


201-48 


3 660 


237-49 


4 460 


270-95 


6 650 


317-21 


2 880 


202*42 


3 680 


238-36 


4 480 


271-76 


6 700 


319-09 


2 900 


203-35 


3 700 


239-22 


4 500 


272-56 


5 760 


320-96 


2 920 


204-28 


3 720 


240-08 


4 620 


273-37 


5 800 


322-81 


2 940 


205-22 


3 740 


240-98 


4 540 


274-17 


5 860 


324 66 


2 960 


206-15 


3 760 


241-80 


4 560 


274-98 


6 900 


326-61 


2 980 


207-08 


3 780 


242-65 


4 580 


275-78 


5 950 


328-36 


3 000 


208-01 


3 800 


243-51 


4 600 


276 '58 


6 000 


330-19 


3 020 


208-93 


3 820 


244-36 


4 620 


277-39 


6 050 


332-02 


3 040 


209-85 


3 840 


246-22 


4 640 


278-19 


6100 


333-86 


3 060 


210-76 


3 860 


246-07 


4 660 


278-99 


6160 


335-67 


3 080 


211-68 


3 880 


246-97 


4 680 


279-78 


6 200 


337-49 


3100 


212-59 


3 900 


247-76 


4 700 


280-58 


6 260 


339-30 


3120 


213-61 


3 920 


248-61 


4 720 


281-38 


6 300 


341-11 


3140 


214*42 


3 940 


249-46 


4 740 


282-17 


6 350 


342-91 


3160 


216-33 


3 960 


250-29 


4 760 


282 96 


6 400 


344-71 


3180 


216-24 


3 980 


251-41 


4 780 


283-76 


6 450 


346-60 


3 200 


217-15 


4 000 


251 -98 


4 800 


284-65 


6 500 


348-29 


3 220 


218-06 


4 020 


252-82 


4 820 


286 33 


6 650 


350-07 


3 240 


218-95 


4 040 


253-66 


4 840 


286-11 


6 600 


351-85 


3 260 


219-86 


4 060 


254-49 


4 860 


286-90 


6 650 


36362 


3 280 


220-75 


4 080 


265-33 


4 880 


287-68 


6 700 


365-89 


3 300 


221-65 


4 100 


256-16 


4 900 


288-47 


6 750 


367-16 


3 320 


222-54 


4120 


267 00 


4 920 


289-26 


6 800 


358-98 


3 340 


2-23 -44 


4 140 


257-83 


4 940 


290-06 


6 850 


360-68 


3 360 


224-34 


4160 


258-67 


4 960 


290-84 


6 900 


362-43 


3 380 


226-22 


4180 


259-49 


4 980 


^91 -62 


6 960 


364-18 


3 400 


226-11 


4 200 


260-31 


6 000 


292-40 


7 000 


366-93 



Miscellaneous Data 



291 



Table XLV.- 


-Two-Thirds Powers of 


Numb RRS —corUinued, 


Namber. ^L^- 


Number. 


Ird 


Number. 


jrd 


Number. 


frd 


, power. 




power. 




power. 




power. 


7 050 367-67 


9 050 


434-27 


12100 


527-05 


16100 


637-6 


7 100 369-41 


9100 


435-86 


12 200 


629*96 


16 200 


640-1 


7150 371-13 


9 150 


437-45 


12 300 


632-83 


16 300 


642-9 


7 200 872-86 


9 200 


439-04 


12 400 


635-72 


16 400 


645-4 


7 250 374-58 


9 250 


440-64 


12 500 


538-60 


16 500 


648-1 


7 300 ,376-31 


9 800 


442-23 


12 600 


541-48 


16 600 


650-6 


7 350 


378-02 


9 350 


443-82 


12 700 


544-34 


16 700 


663-2 


7 400 


379-74 


9 400 


445-40 


12 800 


547-20 


16 800 


655-9 


7 450 


381-44 


9 450 


446-97 


12 900 


550-04 


16 900 


668-5 


7 600 383-15 


9 500 


448-54 


13 000 


552-88 


17 000 


661-1 


7 650 384-86 


9 550 


450-11 


13 100 


555-70 


17100 


663-7 


7 600 386-55 


9 600 


451-68 


13 200 


558-53 


17 -200 


666*2 


7 650 888-24 


9 650 


453-26 


13 300 


561 -35 


17 300 


668-9 


7 700 '389-93 


9 700 


454-82 


13 400 


664-16 


17 400 


671-4 


7 750 391-62 


9 750 


456-39 


13 500 


666-96 


17500 


674-0 


7 800 398-30 


9 800 


457-95 


13 600 


669-76 


17 600 


676-6 


7 850 394-98 


9 850 


459-50 


13 700 


572-54 


17 700 


679-1 


7 900 396-66 


9 900 


461-06 


13 800 


575-33 


17 800 


681-6 


7 950 1 398-33 


9 950 


462-61 


13 900 


678-10 


17 900 


684-2 


8 000 400-00 


10 000 


464-16 


14 000 


680-88 


18 000 


686-8 


8 050 401-66 


10100 


467-25 


14100 


583-63 


18100 


689-3 


8100 


403-32 


10 200 


470-33 


14200 


586-38 


18 200 


691-9 


8150 


404-97 


10 300 


473-39 


14 800 


589-18 


18 300 


694-4 


8 200 


406-63 


10 400 


476-44 


14 400 


691-88 


18 400 


696-9 


8 250 408-28 


10 500 


479-49 


14 500 


594-61 


18 500 


699-6 


8 300 409-93 


10 600 


482-54 


14 600 


597-84 


18 600 


702-0 


8 860 411-57 


10 700 


485-57 


14 700 


600-07 


18 700 


704-5 


8 400 413-22 


10 800 


488-60 


14 800 


602-80 


18 000 


707-0 


8 460 414-85 


10 900 


491-61 


14 900 


605-51 


18 900 


709-6 


8 500 I 416*49 

i 


11000 


494-61 


15 000 


608-22 


19 000 


712-1 


8 550 418-12 


11100 


497-60 


15100 


610-91 


19100 


714-6 


8 600 


419-75 


11200 


500-58 


16 200 


618-57 


19 200 


717-0 


8 650 


421-37 


11300 


503-56 


16 300 


616-22 


19 300 


719-6 


8 700 


423-00 


11400 


506-53 


15 400 


619-00 


19 400 


722 


8 750 


424-62 


11500 


509-48 


16 500 


621-6 


19 500 


724-5 


8 800 


426-24 


11600 


512-43 


15 600 


624-3 


19 600 


727-0 


8 850 


427-85 


11700 


516-38 


16 700 


626-9 


19 700 


729-4 


8 900 


429-46 


11800 


618-31 


15 800 


629-6 


19 800 


731-9 


8 950 


481-06 


11900 


521-23 


15 900 


6322 


19 900 


734-4 


9 000 


482-67 


12 000 


524-15 


16 000 


634-9 


20 000 


736-8 
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Tablb XTiV.- 


-Two-Thirds Powers of 


NuM BSU8 —amtin%ie4- 


Kumber. 


ird 
power. 


Number. 


frd 
power. 


Number. 


frd 
power. 


Number. 


|rd 
power. 


20100 


739 3 


24100 


834-3 


28100 


924-4 


32100 


1 0100 


20 200 


741-9 


24 200 


836-6 


28 200 


926-5 


32 200 


1 0120 


20 300 


744-2 


24 300 


838-9 


28 300 


928-6 


32 300 


1 014-2 


20 400 


746-6 


24 400 


841-2 


28 400 


930-9 


32 400 


1 016-3 


20 600 


749-1 


24 500 


843-6 


28 500 


933-1 


32 600 


1 018-4 


20 600 


751-6 


24 600 


846-9 


28 600 


935-1 


32 600 


1020 


20 700 


753-9 


24 700 


848-1 


28 700 


937-4 


32 700 


1022 


20 800 


756-4 


24 800 


850-5 


28 800 


939-6 


32 800 


1024 


20 900 


758-7 


24 900 


852-9 


28 900 


941-9 


32 900 


1026 


21000 


7611 


25 000 


856-0 


29 000 
29100 


944-0 


33 000 


1028 


21100 


768-9 


25100 


857-3 


946 1 


83100 


1030 


21200 


766 


25 200 


859-6 


29 200 


948-3 


33 200 


1038 


21800 


768-4 


25 300 


861-9 


29 300 


950-4 


33 300 


1035 


21400 


770-7 


25 400 


864-1 


29 400 


952-6 


33 400 


1037 


21600 


773-4 


25 500 


866*3 


29 600 


954-9 


33 500 


1039 


21600 


776-6 


26 600 


868-6 


29 600 


956-9 


33 600 


1041 


21700 


778-0 


25 700 


870-9 


29 700 


959-0 


83 700 


1043 


21800 


780-3 


26 800 


873-1 


29 800 


961-3 


33 800 


1045 


21900 


782-8 


26 900 


875-4 


29 900 


963 3 


33 900 


1047 


22 000 


786-2 


26 000 


877-7 


30 000 


965-4 


34 000 


1049 


22100 


787-5 


26100 


880-0 


30100 


967-6 


34100 


1051 


22 200 


789-9 


26 200 


882 1 


30 200 


969-7 


34 200 


1058 


22 300 


792-2 


26 300 


884-4 


30 300 


971-9 


34 300 


1065 


22 400 


794-6 


26 400 


886-6 


30 400 


974-0 


34 400 


1057 


22 600 


797 


26 600 


888-9 


30 600 


976-2 


34 500 


1059 


22 600 


799-4 


26 600 


891-0 


30 600 


978-3 


34 600 


1061 


22 700 


801-9 


26 700 


893-4 


30 700 


980-4 


34 700 


1063 


22 800 


804 


26 800 


895-5 


30 800 


982-5 


34 800 


1065 


22 900 


806-4 


26 900 


897-8 


30 900 


984-6 


34 900 


1068 


23 000 


808-8 


27 000 


900-0 


31000 


986-8 


35 000 


1070 


23100 


811-1 


27100 


902-2 


81100 


988-9 


36 100 


1072 


28 200 


813-4 


27 200 


904-4 


31200 


991 1 


35 200 


1074 


28 800 


815-8 


27 300 


906-6 


31300 


993-1 


35 300 


1076 


23 400 


818-1 


27 400 


908-9 


31400 


995-2 


35 400 


1078 


28 600 


820-4 


27 500 


911-1 


31500 


997-4 


35 600 


1080 


23 600 


822-8 


27 600 


913-3 


31600 


999*6 


36 600 


1082 


23 700 


825-1 


27 700 


915-5 


31700 


1 001-6 


35 700 


1084 


23 800 


827-4 


27 800 


917-5 


31800 


1 003-7 


36 800 


1086 


23 900 


829 7 


27 900 


919*9 


31900 


1 006-8 


35 900 


1088 


24 000 


832-0 


28 000 


922 1 


32 000 


1 007-9 


36 000 


1090 
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Table XLV.- 


-Two -Thirds Powers of 


N UMBE Rs — con^in 


iLed. 


Number. 


ird 
power. 


Number. 


ird 
power. 


Number. 


frd 
power. 


Number. 


ird 
power. 


36 100 


1092 


40100 


1171 


44100 


1248 


48100 


1323 


36 200 


1094 


40 200 


1173 


44 200 


1250 


48 200 


1324 


36 300 


1096 


40 300 


1175 


44 300 


1252 


48 300 


13»6 


36 400 


1098 


40 400 


1177 


44 400 


1254 


48 400 


1828 


36 500 


1 100 


40 500 


1179 


44 500 


1256 


48 500 


1330 


36 600 


1102 


40 600 


1181 


44 600 


1257 


48 600 


1332 


36 700 


1104 


40 700 


1183 


44 700 


1269 


48 700 


1334 


86 800 


1106 


40 800 


1185 


44 800 


1261 


48 800 


1335 


36 900 


1108 


40 900 


1187 


44 900 


1263 


48 900 


1337 


37 000 


1110 


41000 
41100 


1189 


45 000 
45100 


1265 


49 000 


1339 


37100 


1112 


1190 


1267 


49100 


1341 


37 200 


1114 


41200 


1 192 


45 200 


1269 


49 200 


1343 


37 300 


1116 


41300 


1194 


45 300 


1271 


49 300 


1344 


37 400 


1 118 


41400 


1 196 


45 400 


1278 


49 400 


1346 


37 500 


1 120 


41500 


1198 


45 500 


1275 


49 500 


1848 


37 600 


1122 


41600 


1200 


45 600 


1276 


49 600 


1350 


37 700 


1124 


41700 


1202 


46 700 


1278 


49 700 


1352 


37 800 


1126 


41800 


1204 


45 800 


1280 


49 800 


1354 


37 900 


1128 


41900 


1206 


45 900 


1282 


49 900 


1855 


38 000 


1130 


42 000 


1208 


46 000 


1284 


60 000 


1357 


38100 


1132 


42100 


1210 


46100 


1286 


50100 


1359 


38 200 


1134 


42 200 


1211 


46 200 


1287 


50 200 


1361 


38 300 


1136 


42 300 


1213 


46 300 


1289 


50 300 


1863 


38 400 


1138 


42 400 


1215 


46 400 


1291 


50 400 


1364 


38 500 


1140 


42 500 


1217 


46 500 


1293 


50 500 


1366 


38 600 


1142 


42 600 


1219 


46 600 


1295 


50 600 


1368 


38 700 


1144 


42 700 


1221 


46 700 


1296 


50 700 


1370 


38 800 


1146 


42 800 


1223 


46 800 


1298 


60 800 


1372 


38 900 


1148 


42 900 


1225 


46 900 


1300 


50 900 


1374 


39 000 


1150 


43 000 


1227 


47 000 


1302 


61000 


1376 


39100 


1 152 


43100 


1229 


47100 


1304 


51100 


1377 


39 200 


1 154 


43 200 


1231 


47 200 


1306 


51200 


1379 


39 300 


1155 


43 300 


1232 


47 300 


1308 


51300 


1381 


39 400 


1157 


43 400 


1234 


47 400 


1310 


51400 


1383 


39 500 


1159 


43 500 


1237 


47 500 


1312 


51600 


1384 


39 600 


1161 


43 600 


1239 


47 600 


1313 


51 600 


1386 


39 700 


1 163 


43 700 


1241 


47 700 ' 


1315 


61700 


1888 


39 800 


1 165 


43 800 


1242 


47 800 


1317 


61800 


1390 


39 900 


1167 


43 900 


1244 


47 900 


1319 


51900 


1 391 


40 000 


1169 


44 000 


1246 


48 000 


1321 


62 000 


1398 
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Table XLV.- 


-Two-Thirds Powers of 


Numbers— con^ww^d. 


N umber. 


frd 


Number. 


frd 


Number. 


frd 


Number. 


frd 




power. 




power. 




power. 




power. 


62100 


1895 


54 600 


1439 


57100 


1488 


59 600 


1526 


52 200 


1897 


54 700 


1 441 


57 200 


1485 


59 700 


1528 


52 800 


1898 


54 800 


1448 


57 800 


1486 


59 800 


1630 


52 400 


1400 


54 900 


1445 


57 400 


1488 


59 900 


1531 


52 500 


1402 


55 000 


1446 


57 500 


1490 


60 000 


1533 


52 600 


1404 


55100 


1448 


57 600 


1492 


60100 


1534 


52 700 


1406 


55 200 


1450 


57 700 


1493 


60 200 


1536 


52 800 


1407 


55 800 


1452 


57 800 


1495 


60 300 


1538 


52 900 


1409 


55 400 


1453 


57 900 


1497 


60 400 


1539 


53 000 


1411 


55 500 


1455 


58 000 


1499 


60 500 


1541 


58100 


1418 


55 600 


1457 


58 100 


1500 


60 600 


1543 


53 200 


1414 


55 700 


1458 


58 200 


1502 


60 700 


1645 


58 800 


1416 


55 800 


1 460 


58 300 


1504 


60 800 


1 546 


58 400 


1418 


55 900 


1462 


68 400 


1506 


60 900 


1 548 


58 500 


1420 


56 000 


1464 


58 500 


1508 


61000 


1550 


58 600 


1422 


56100 


1466 


58 600 


1509 






58 700 


1428 


56 200 


1467 


58 700 


1610 






58 800 


1425 


56 300 


1469 


58 800 


1512 






58 900 


1427 


56 400 


1471 


58 900 


1514 






54 000 


1429 


56 600 


1473 


59 000 


1516 






54100 


1480 


56 600 


1475 


59 100 


1517 




54 200 


1482 


56 70P 


1476 


59 200 


1519 






54 800 


1484 


56 800 


1478 


59 300 


1521 






54 400 


1486 


56 900 


1480 


59 400 


1523 






54 500 


1488 


57 000 


1482 


59 500 


1524 







I. 

Simplified Ship Forms. — " Comparative Resistance of * Ordinary 
Ship-snape ' and* Straight-Frame^ Models." A paper by Professor 
H. C. Sadler and Mr T. Yamamoto, read at the Society of 
Naval Architects and Marine Engineers, Philadelphia, reprinted 
in International Marine Engineering, March 1919, gives an account 
of some experiments upon *' straight-frame" forms conducted in 
the tank at the University of Michigan. Plans show the " straight- 
frame" form referred to. The models were 10 ft. long x 16 in. 
beam. The resistances were measured at three different draughts, 
7 in., 6 in., and 5 in. For each type the following characteristics 
were kept constant, viz. length, breadth, draught, displacement (at 
load-draught with the comer cut off), the curve of sectional areas 
(and hence prismatic coefficient), and the shape of the water-line. 
Of the numerous forms tried, we select the two named Y. 1 C. 
and Y. 3 C. The differences in results are slight. 
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Draught. 


B/d. 


Coefficients. 


Y. 1 C, 
corner off. 


Y. 8C. 


in. 


f 


Longitudinal 


•801 


• ^798 


7 


2^286 - 


Block 


•779 


•779 




V 


Midship 


•973 


•976 




r 


Longitudinal 
Block 


•791 


•788 


6 


2-66 \ 


•766 


•766 




\ 


Midship 


•968 


•972 


1 


f 


Longitudinal 
Block 


•780 


•778 


5 


3-2 - 


•749 


•760 




V 


Midship 


•961 


•966 



II. 

The effect of retaining the corner volume at the bilge was to 
increase the resistance about 3 to 4 per cent., or approximately 
the same as that due to the added surface. Compared with the 
ship-shape form, there was practically no difference in resistance 
between this and the simplified form with the comer cut off. 
Other varieties showed, at the lower speed-length ratios, little if 
any differences, and, such as there were, of the order of 1 to 2 per 
cent., while the effect of retaining the sharp corner appeared to 
increase the resistance, i,t. the resistance increased at a somewhat 
more rapid ratio than the added wetted surface. 

The effect of the sharp corner upon the reduction of rolls was 
most marked, and even with the corner removed these models 
came to rest quicker than the ship-shape form. 

The conclusions were : — 

(1) Vessels of the straight-frame type can be designed which 

will have about the same resistance as a ship-shape form. 

(2) If the diagonal line of the comer be given the wrong 

slope, this will increase the resistance due to the lack of 
conformity with the proper stream-line flow. 

(3) The effect of maintaining the square comer is to increase the 

bare hull resistance, but as vessels of this form would not 
need bilge keels, the net result from a horse-power stand- 
point would be about the same as for a ship-shape form. 

(4) Probably the best results from a resistance standpoint 

would be obtained by using diagonal line which is of a 
curved form in the body plan. 

Straight-frame forms were discussed at the spring meeting of 
the Institution of Naval Architects, 1919, and it was pointed out 
that there was little to be gained from the point of view of 
simplicity in construction over the usual rounded bilge form, 
whicli was more adaptable and easily maintained. 
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Professor Sadler's Models, Series F 8. Transactions American 

Societyof Naval Architects and Ma/rineEngineers,l90S. -J^^ = 8. 

Beam 

Beam 12-6 per cent, of length. ??^= 2-142. 3^^^^ =17-142. 

Draught Draught 

Coefficient : block = *855 ; prismatic = '869 ; midship = •984. 

The dimensions, displacement, and coefficients were kept constant, 

and the distribution of displacement modified by altering the 

curve of sectional areas. 
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Worst* 



The above particulars are for maximum draught. The resistance 
curves for the other draughts at which Professor Sadler's models 
were tried, followed the same general form. 



* For vessels of block coeffloient finer than '8, the " best " and " worst " would 
be reversed, for the reasons given by Professor Sadler. 
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Professor Sadler's model, F 8. Tried with fine bow and fine 
stem, sharp ends, straight or even hollow ends of curve of 
sectional areas. Enlarged to 400 ft. ship. Displacement, 11 400 

^ =178-2. Dimensions, 400x50x23-33 ft. mean 



tons. 



( 



100/ 



draught. Estimated wetted surface, 34000 sq. ft. Froude's 
(m) = 5^43. Taylor's wetted surface constant = 16*6 for W.S. = 
35 400. Parallel body about 62 per cent. 
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LH.P. 

in a ship of this fulness. The explanation given by Professor 
Sadler is that there is a rather abrupt shoulder, where the lines 
run into the middle body, causing a secondary bow wave as well 
as a marked hollow in the wave profile at the stern. The per- 
formance is materially improved by fining the bilge diagonal. 

Skin H. P. = -009 10 x wetted surface x -003 070 7 x V2-83 
•583 4 



K = 



Ak 



xV 



E.H.P. = Resistance lbs. x V x -003 070 7. 
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The results from this form &re the opposite to those obtained 
tor F 7, where the block coefficient is '733 ; i.e. F 8, witU block 
coefficient '85, should not be given a long parallel body and fine 
ends, as Che above poor results show. It la better to have shorter 
middle body and fuller ends. The average seryioe speed would 



Professor Sadler's model, F 8. With full how and full stern, 
round lines. Enlarged to 400 ft. ship. 
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89 880 


1621 


■66 


182 


8 '66 


1688 


1410 


3 098 


183 


41600 



Skin H.P. = -009 10 X wetted surface x -003 070 7 x V^'^. 

This is a much better form than the last. For 10 knots 
minimum resistance would be obtained with about 38 per cent, 
parallel body, and for 12 knots 31 per cent, The curve of cross- 
sectional areas here is round at the ends. The tore body water- 
line is also round. "In other words, easy buttocka at each end 
rather than full below and fine above " (Sadler). The forward 
end transverse sections should be round V'd rather than IPd. 
Vessels with long proportion of parallel body require a long run 
and usually round lines aft, the entrance being relatively short 
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Professor Sadler's model, F 6 (1), with fine bow and full 
stem. Enlarged to 400 ft. ship. Dimensions, 400x50x23 33 
ft. mean draught. Displacement, 8 710 tons. Estimated wetted 

surface = 30000 sq. ft. Fronde's (m) = 5*94. Taylor's wetted 

surface constant = 16*3 gives 30 400. 







Kesiduary 














Knots. 


retiftanoe 
in lbs. per 
ton of dis- 
placement. 


Betiduary 

resistance 

in lbs. 


Besidoary 
H.P. 


Skin 
H.P. 


E.H.P. 


I.HP/ 


•46 


9 


•68 


5 980 


164 


421 


685 


• • • 


•6 


10 


•8 


6 960 


214 


667 


781 


270 


•56 


11 


10 


8 710 


294 


742 


1036 


272 


•6 


12 


1-26 


10 890 


401-5 


949 


1350 


270 


•66 


18 


1-5 


13 070 


521 


1190 


1711 


271 


•7 


14 


1-81 


15 770 


678 


1468 


2146 


270 


•75 


15 


2-15 


18 750 


864 


1785 


2 649 


270 


•8 


16 


2-56 


22 300 


1096 


2141 


3 237 


268 


•85 


17 


8-16 


27 540 


1438 


2 542 


3 980 


261 


•9 


18 


4-75 


41400 


2 290 


2 990 


5 280 


234 


•925 


18i 


63 


54 900 


3120 


3 231 


6 351 


211 


•96 


19 


8^8 


76 700 


4 476 


3 483 


7 969 


182 
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Professor Sadler's models, F 6 (2) and F 6 (3), on the same 
basis of curve of sectional areas as F 6 (1), but with greater beam, 
are interesting. 

F6(2). -^5^ = 2-358. ^^!^ ^ ITU2, ^^^ ^ 
Draught Draught Beam 

7*272. Beam, 13*76 per cent, of lengm. Coefficients : block = 

•594 ; prismatic = '677 8 ; midship = *874. 

Model F 6 (3) has the same increased beam as F 6 (2), the 
block coefficient is kept the same as in F 6 (2^ but the prismatic 
coefficient is reduced to *664. The end lines are the same for all 
three models F 6. The middle body is reduced in length by 
increasing the beam. These modifications give a more easily 
driven ship than F 6 (1). 

F6(3). Length, 400 ft. Beam, 56*05 ft Mean draught, 23*33 ft. 
A = 8 710. Take wetted surface = 29 000 sq. ft. Fine bow with 
fine stem. 







Residuary 












V 

VL* 


Knots. 


resistance 
in lbs. per 
ton of dis- 
placement. 


Residuary 

resistance 

in lbs. 


Residnary 
H.P. 


Skin 
H.P. 


B.H.P. 


AtV» 

i.ht:* 


•6 


10 


•7 


6100 
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549 


736 


287 


*6 


12 


116 
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372 


917 


1289 


283 


*65 


13 
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*7 


34 
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1419 


2 052 
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823 
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•8 


16 


24 
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3 097 
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17 


3 
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3 824 


272 


•9 


18 
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2 022 


2 890 


4 912 
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•926 
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58 
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2 623 
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5 746 
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•95 
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7 048 
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•975 


19-5 


10-2 
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6 330 


3 626 


8 966 


176 


10 


20 


12*61 


110 000 


6 710 


3 892- 


10 602 


160 



23 



354 Steamship Coefficients, Speeds and Powers 



1 


00 


eo* 


^ 


r-l 




-s 


(S 


-g 




a 


to 




T»< 


« 




1 


00 

o 

• 


cS 


X 


OQ 


»l"5 


• 


11 




03 


"^ 






Ol 




\a 




to 




o 



'-fe 



I 

I 

s 

o 

IS 






i 5 



*» 
^ 






00 



'«#• o »o 

f-« rH 0» 
lA 00 94 








1 


-^ 


<0 A CO 


C4 


9 


\a 


rH «0 00 


t^ 


o» 


\o -^ o 


• 








<N N 





00 



00 

eo 

00 



kO Oi <o 
^ .-< CO 

\a C\ r-i 



rH 
CO 






eo 
<o 



kO 00 (N 
©I 00 kO 
kO 00 oo 








g 




"^04 00 


*^ 


cS 


Ol 


0» C4 Oi 


ko 


rS 


<N 


Cq (O kO 


kO 


• 


• 


• 


»P^ 


• 








00 »0 rH 


00 


lO 


•* 


to 

99 


.<« Oft O 


CO 


s 


? 


eo 

* 


• 


t^ 


kO rH 


1-H 






• 


• 





CO 



00 04 



O) 


<0 r-l O 


eo 


>**< O kO 


*^ 


kO O CO 



o 



S 



lO kO 



<o 

o 



to oo t^ 

kO <0 rH 



to 

CO 
CO 



kO 0» 
5* ^ 



H' 



ft 

©I 

n 



TroudVt S. 



Estimated 

wetted surface. 

sq. ft. 



Model No. 






00 

«o 



o 

O 

o 
eo 






to 

kO 

eo 



rH 00 ©» 
O »« •^ 

»o o> 1^ 

eo to 






C4 



»o o o 
^ eo oo 
3 ko eo 

kO eo ka 



to 
o 



00 



0» O kO 
O d -<•» 
kO 09 oo 



Oft 



rH 


CO eo 


t^ 


Oft 


CO oo 

rH OO 
kO 00 kO 

09 Ca 


rH 

kb 



09 

CO 
00 



kO 
00 



kO >0 CO 

kO <^ kO 
gl r^ 

*0 eoo" 
-.kO to 
^ rH 0» 

kO 04 



CO 
Ol 

-^ 

eo 
"koT 



'^ rH Od 

Ol OO o» 
kO OO CO 



CO 



CO 



Oft rH b- 
(N (N l>- 
kO CO kO 



CO 
l-H 
kO 



C4 

CO 

■ 


C9 CO CO 

^ Oft rH 

kOrH 

• 


CO 

• 

l-H 


• 
• 
• 


• • • 

• • • 

• • « 


• 
• 
• 


to 

o» 

CO 


kO 0» A 

>**< o»J>. 

kO 0» 04 

• 


to 

oo 



eo 

<3> 

CO 



ko 

kA 



00 



CO 



CO T-t 



oo 
k£d 



© 



S 



. OQ 

?H I— t 






eo 

00 



o 

00 

eo 

o 
eo 



< 



Miscellaneous Data 



355 



• 


•5015 
3 950 
5 300 


«o 

rH 

• 

O 

r-l 


kO 

• 

rH 


•5015 
3 952 

5 148 


o» 

CO 

• 

o» 


00 
kA 
ft 

ft 


IN eow 

O kA lA 

kA 0» rH 

CO kA 


04 

o> 


1-1 

• 


»£S 00 -^ 

• 


rH 
kft 

00 


CO 
CO 

o 

• 

rH 


kO 00 t^ 
»A©*rH 

kA 00 CO 

• 


eo 

00 

• 


to 

o 

• 

ft 


CO 00 t^ 
O <N 00 
^ kO 00 

CO CO 


00 

• 


00 

• 


f-" »a -^ 
>p i-i o» 

CO ©fl 


eo 

rH 


kA 

• 


o o 

rH C^t^ 

lA kA CO 

CO CI 


kA 

o» 


CO 
kA 

o» 

• 


rH r-l CO 

kA kA 00 
OOd 


o» 

• 


00 


i-l O u-^ 
>p 00 o» 


CO 

• 


kA 
00 

• 


^ OS CO 
rH 0» kA 
kA t^ 00 

C« rH 


kA 

00 

O 

• 


I'- 

kA 

00 

• 


'^ O O 
rH O t>- 
kA 00 00 

INrH 


o 

• 


• 

kO 

• 


<0 N oo 
i-i «o O 

O T»t 00 
kO Oi Oi 

• 


CO 
o» 

"rH 
kA 
IN 

IN 


00 

o 

00 

• 


COO o 
rH CO 0> 
kA <^ 93 

(NrH 


00 
kA 

t-H 

00 


kA 

O 
00 

kA 

ft 
00 


*^c«oo 

CO CO t>. 

rH ■^ 00 
V^INrH 


eo 

f* 

• 

00 


CO 

T-H 

oo 

• 

CO 

• 


kA C4 00 
Q kA <M 

»A C^ rH 

• 


CO 

ft 
o» 


rH 00 kA 
C^ VA rH 
kA rH -N 

0< ft 


<N 


en 

-^ 

* 


»a r-l rH 
C4 CO O 
kO 00 00 

• 

r-« 


00 

o» 

rM 


kA O rH 
CM 00 t» 
kA 00 0» 

• 


CO 

<N 


kA 

o» 

> 


kOO 00 

C4 00 CO 
kA 00 0» 

• 

r^ 


CI 

<N 


• 
m 


kO r-l Ok 
kO rH 

• 

~ 00 r-l ei~ 

kO f-l 

• 


kO 

rH 

o» 

• 

rH 

*^ 
00 
kO 

• 

rH 


<N 

• 


kA rl rH 

0> <NkA 
e^ CO CO 

kA r-t 

• 


rH 

• 

rH 


kA 

r^ 

• 


rH CO 

eo (N >**< 

kA CO CO 

• 

kA rH 0» 

00 Oi to 
koeo ^ 

• 

r^ 


00 

OS 

CO 

o 

00 

• 

ft 


kO 


ooo o 

<«<« A t^ 

kO ^ 


00 

o 

00 
r-i 


• 


r-l kO O 
^ 00 o 
kO rH ^ 

• • 


• 

rH 


r-l 

* 


rH C4 O 
"•^ 00 J>- 

lA O "«*< 


00 

eo 

• 

rH 


• 
• 
• 


• • • 

• • • 

• • • 


• 
• 
• 


r-l 

• 


to o o 
•V o o 

kA o eo 

• 

r-i 


to 

CO 
O) 


O 

• 

o 

• 


CO 0» C4 

-^ Ok 00 
kA 0» (M 

• 


rH 
00 
00 

• 


to 

o 

■ 

• 
• 
• 


'^OrH 

CO o o» 
"«#« O CI 

•PrH 


ft 

ft 

OS 

• 


o 

• 


eo <0 rH 
kO CO CO 
kOQO C4 

• 


00 

CO 

• 


kA 

«» -^ kA 

Sco 0< 
goOlN 

• 


kA 

• 


• • • 

• • • 

• • • 


• 
• 
• 


o 

• 


CO t>» 

«o oot^ 

kO «0 r-l 

• 


eo 
to 


• 


kA r^ 
CO OO t^ 
kA CO rH 

m 


rH 
ft 
CO 

• 


to 

• 

• 
• 
• 


kA 00 

CO 00 CO 
kA CO rH 

• 


ft 

o 


• 
• 
• 


• • 

• • • 

• • • 


• 
• 
• 

, — ' — . 


• 
• 
« 


• • • 

• • • 

• • • 


• 
• 
• 

1 


• • • 

• • • 

• • • 


• 
• 
• 

_ I _ 






© 


OQ 'S 'C! 


6^< 


© 


OQ •" '5! 


"53 » 

«0 


© 


12 Cuf^. 

7 WW 
oil 






to 




00 

«o 


kA 

00 


o 


s 

eo 

o 
eo 


- 


O 

o» 
c« 

o 
eo 






f-i 






n 

CO 

1-H 




CO 





r 



356 Steamship Coefficients, Speeds and Powers 



t 



J3 O 



as ^ 

Q 

*~ S II 



a 



a 



10 

C4 



3 1.1 



« 

'S, 

'a 
Z 



II 



6 



o 

00 
C4 






QD 






00 



QQ 






p CO 

s II 



.a 






© 



II 



II J 

s 






a. 




II Opd 

f2 



-^ 



a 
g 



8'i 

S<5 



?» 



a 

® CO 

I" 






V 11 



X II 

8<i 



© 



10 

aoaoaot»t<«>i»coooao 



ookOo»abf-400)coi-i 

OOO^OC^-^OOO'VCO 



o 
a 



^« CO eo rH 1-^ f-« i-i 
r*«pO'«reo<N.^pc» 

OrHC4eo■^u:»«D^«^« 



>.'*i 

•♦•*" 
<]li-i 



© 



ooaot^ixt^cOkAcoao 



OaO<N(M-^COtOO)^ 



5 
o 



6»OrHC«(Neo-^)b^ 



<15 



© 



U3"^(NOO"^^|-<OCO 
t»t>>t»«OtD«0»OC0Q0 

^COOOdrHCOt^O 



5 

o 

1 






COOr^'^iT^OO'^rHOO 

QOOiC^Op-ii^c^eoeo 



tfS wi CO 

tO'<^<Noo»oeoc^eoo» 



© 



iH;0t«»t«»0)Q0O^0k 
■^lACOOOOiO-^Or-t 



ca 

o 
a 



CO 






COiHO)kar-(C^kOr-i 
OOeOOi^OWrHt^CO 

• •••••••• 

«DtN>t«>000»0»OOiH 



o 6» 00 -^ 



ST 

09 d» o 



eo CM 

ua ■^ ^ ■^ ^ 00 00 rH t>» 

0)C409(M(M<NC909i-i 



© 



CO00C4CM««00lOO)-^ 

ooabf-ieo^»oao-^«o 
t»t»aoooooooooo»f-H 



o 

8 



p ~ probable pro* 

pulsiTe coef . from 

naked model. 



n 



® 



000000000 
ooC4cpp7T«ao99<po 

CO rH «0 t-^ 00 t«» 99 

^J* ^^^ ^9" '^w' ^I" ^I" ^^r ^w' ^J" 

000000000 

OOC^COO-^QOCMCOO 

oeo^iocot^ooc^o 

• *•••••*• 

,-Hr-lr-lrHi-Hr-lrHfH<M 



Miscellaneous Data 



357 



Mr G. S. Baker's models, 1913, Set A. 

V S 

L = , X 1-055 2. S = — X '098 46. Residuary resistance in lbs. 

_ Residuary H.P. 
~ V X -003 070 7 * 



o 


|gi 


3 


Kesnlts at various points 
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O' 


S e.2: s 




1 










5 




V 


•379 


'454 5 


•668 


'6485 


•7575 -888 


•8705 


• 


r 
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L 


•400 


•48 


•60 
•691 


•67 


•80 

•713 9 


•88 


•919 








C«) 
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•72 


709 95 


•81 -904 

1 




1 0S2i-i"« 


•608 5 -688 6 


•566 


•566 5 


•539 -63 526 5 


1 


._ Skin H.P. 


237 395 


743 


1 061 


1 680 2 192 2 481 


14c 28 600 0^^ Re8id.H.P.| 
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164 


293 


546 1 160 I 789 




Residuary 


\ 






1 




I 


resistance 


- 264 8 -426 1 


63 


•992 


1669 8 031 


4 47 


1 


per ton A 


t 


•67 


•664 


1 










© 


•70 


•681 


1 
•712 -741 2 806 








OSi.-"« 


•609 


•589 667 


556 


•538 -53 


626 5 


14. 


OO Af\f\ 


z».n01 


Skin H.P. 


236 


394 


741 


1055 


1661 2 183 


2 472 


j4A -iSO »uu 


vol 


Resid. H.P. 


35 5 


616 


134 


206 


539 872 


1818 






Residuary 


•205 9 
















resistance 


•297 3 


•519 


•701 


1561 2-304 


8^S2 




per ton A 








' 










© 


•7118-686 


-666 


•674 


•717 6 


•729 5 


•789 3 








osx-^^« 


•608 5 


•588 


•666 


•555 


537 6 


•53 


•526 


29a 


28 300 


...„ ; Skin H.P. 
'"^ Resid.H.P. 


233 


3905 


735 


1049 


1650 


2170 


2 455 


397 


655 


130 


222 


555 


819 


1230 








Residuary 


^ 




















resistance 


-•2314 


3181 


•506 


•761 


1617 


217 


312 








per ton A 


J 


















■ © 


•756 |743 5 


•7317 


•726 3 


•798 


•818 


•874 






osz-"« 


•61 -59 


•568 6 


•558 


•54 


•5316 


•528 


160 


28 800 7 00 


Skin H.P. 


233 392 


787 


1051 


1661 


2179 


2 460 


Resid. H.P. 


56 102 


213 


319 


779 


1171 


1620 








Residuary 


N 




















resistance 


•327 9 


•499 


•833 


1102 


228 


812 


413 








per ton A 

















358 Steamship Coefficients, Speeds and Powers 



8l I 



PmA4 



So ^ 



§ § 






3 



1^ « CO w 



2S 



•O lO 



^ 8 A ^ ^ 



M 



M 



0« 



o o 



« 55 



S^ M 



i S 




a >e oo 

n I 00 00 



eo 



■♦ ^ I . eo 

$ i I ^ 



■« eo 



I i 



^ 



ss 












31 



5t.f' 









ri <1^ 



n 






t 

a 
5 



s 



S 



s 






g? 



00 



9 



g^ 



a 
o 

€ 

O 

O 



A^ 



S 



s 

to 



9 

lO 






3 

>o 



S 



Ob 



-^11. 



CO 



eo 
to 



•Pa® 



•s^: 



«• 



lO 









I 



s 



'3 

a 
o 

as 
to 

s. 

u 
o 






s 
a 

H 



2 ® "^ 

MS > 

*§ "^ "2 
ci S s 

I 8 - 

! I©® 



I I 

" a 
o 5 

s 

o 
u 

a> 
S 



i 






"Si 

a 

OS 
M 

« 



X 



94 



eo 
oo 

•o 



s 



a 

i 2 
II 

f 



§ 



o 

■««« 

Ik 

5 



f 
M 

X 



o 






as ^ 



X 

o 

X 

I"* 



tl « 



s 



X D 



i®' 



eo 



II 
Ph 



5 
« 8 

II 



<JI25 









fl a 



I s 



Miscellaneous Data 



359 



II 

. C 

«^ 
CO 



1: 

g 



a 



s i 



o p 



•s ^ 



u 

o 



s 



1 

5 



o 



9 
OQ 



CO 8 

s 

.3 ■ 

1? 



S M 



S 





Si 


E 


► 


s 


■*a 


«D 


«8 


;!( 


•B 




^ 


• 
Pk Ph 


•3 


» A 


S 


H •-' 








t 

a 



a 
o 
o 

h 
O 
Pi 

O 
00 



" = 



I 

Ph 

a 

9 



ca 
S 



CO 



;l 



•a s. 

g CO 

S T" 

*' eo 



?9 



•9 

00 

ca 






to 

a 

I 
I 






?5 ? 






g :2 



s ^ 



lO 






o» 2 

«P eo 



04 
fH 



s ? 






10 
eo 



00 






e 



00 



§10 



O Ok 
CO 



§ 






§ ^ 



00 



o <o 



00 Ol 



O) 



10 



eo 



eo 



eo 



M tH 



eo 



I 

eo 



o 
o 

eo 



8 3 

06 09 
0« 



04 CO 
03 



04 



M 



00 -H 

01 



eo 

09 



U3 
04 



04 
09 



09 



O 09 

O $9 
09 



la 00 

S S9 



O 09 

as ss 



|A CO 

00 t^ 
A 04 



^ §? 



Si 



09 



09 



eo 
eo 






3 S 

eo 09 



1-4 eo 
00 10 

09 O 



09 r-l 09 



CO 



09 



I i 



a 00 

CD (N 



3 n 



CO 

Ok 



S 8 



kO 






.-I ©9 
Ob O 
■♦ eo 



as 8 

'« eo 






^•2^ iPk 



f^'L 'p; 



->l^ " > f^. ^*> 



kO 



§ 



s 



09 

r-t 



Piig- 
matio. 






to 

8 



o 



CO 

CO 



Block. 



CO 



10 



8 



9» 

Ok 



00 






CO 

Ok 



Tons di8> 
placement. 



CO 

s 



S 



o 

Ok 



CO 



Model No. 



00 



00 



30 



I 



3 & 

00 



M Q 
00 09 

>o 



t* 09 



eo eo 

00 09 

Ok 09 

eo 



59 to 

O 09 

eo 



2 '-* 

00 CO 

^ 09 
»9 



^ 


00 


^ 


to 


rH 


09 


09 




to 


rH 


$ 


§5 



00 ■* ® S 
99 M S cS 



09 



©9 



to 



W W«o» 



Pk 



fi9 

CO 



I 
CD 



to 



Ok 



09 
to 

to 

Ok 



OJ 

09 



.a 
p 




3 

a 

a 
o 



« 

I 

1 

•s 



360 Steamship Coefficients, Speeds and Powers 

I 



S 09 

?i 

^ 5 
08 -S 



II 



CO 



s 






00 

o 
X 






OQ 



o 



X 



d 
a* 

o 

•r-l 

-§ 



I 



s 
o 

•c 



? 


• 








1: 


Ok 

5 


• 


00 
000 
10 00 


• 



8 I 

r* 00 



01 



CO 

o 



10 ^ CO 
• « CO 

i-l CO iH 
f-l 00 oo 
10 iH rt 



00 





s 

^ 


10 

Ok 

00 


to « •« 

r-i «<<• 
kA 00 CO 











i-H f-l 


00 









00 

to 

00 



rH »H b- 

O) 00 o 
»0 to O) 



eS ^' 5 

Soo«> 



PL 
10 

CO 



00 



C4 

CO 



O f-l 

"^ 00 
i-l \a 








kO 




00 CO r- 





09 


10 


00 


eo ^ <M 


« 


a 


«M 


t^ 


10 c» -^ 


c« 


>o 


CO 


• 


• 


• 


• 


• 






fH 



2 S 
10 2 



CO 



CO 
kO 



o o» 
00 o 
t^co 



o» 






C3» 

r- 1 



0» CO to 
to o ^ 

to to rH 



1—1 
to 



00 






CO 

CO 



"^ lOtO 

00 

CO 

to 



to o 
Oi o 

CO fH 



00 






© 



OQ •!-• 'c; 59 "B *-• 



Froude's 8. 



O) 
CO 



Estimated 

wetted surface. 

gq. ft. 



o 
00 

CO 



Model No. 



S 



00 Ob f-l 
O Oft kO 

to t^ 00 
c< 00 



00 

to 



to 
CO 

00 
Od 



•o f-l a& 
o to o 

to ■^« CO 



«o 
"ijl 



CD 

00 

00 



I-l o> ^ 

I— I Oi CO 
to f-l kO 

CI .— 



to 
to 
eo 

CO 



00 



to OS f-< 

I— I •**! to 

to 00 o 



00 
00 





r-l 1-^ 


01 


•778 


^ 00 Od 

c<» 00 1>» 

tp to t>» 

f-l 


f-l 

CO 
00 

• 

»— 1 


•766 


CO O) CO 

01 -«*• .— 1 

to CO CO 

f-l 


oa 

to 

to 

• 


CO 

1^ 


(M CO 
00 '* (M 
to fH to 

• 

f-l 


CO 



?*• 
1—1 


• 


00 t^OO 
CC "<!*< fH 
to 04 Tt« 


to 
00 

.—1 



CO 

CO 



CO 
iO 

T*l 
to 



f-l <M 
00 t^ 



CO 
CO 

00 



CO 



0» CO (M 

to o to 

to to fH 



to 



o» 



^C^OO 

00 



CO 

to 



to 

C4 



^ to :::* 

o> o '"• 

CO r^ 



"^ 



© 



00 'S 'H « eS t- 



O) 
CO 



o 

CO 



o 
00 



K. 



Miscellaneous Data 



361 



00 
00 



(N 



\Q \a 



00 



00 



CO 
CO 



00 



00 



CO 

o 



0» i-H CO 



1-t « o 

C^ 00 "<!*< 

O O CO 



CO b- CO 
Csl -«*< Oi 

lO ?o o 



Oil Oi CO 
CO CO o 
O r-l "^ 



00 CO CO 
CO '^ ''^ 
tCi Oi CO 



Oi \a '^ 

O O '"^ 



*« CO ^ 

Sirs 



(N 

o 



• 


T** oo»o 




CO 
O) 

• 


00 UA 10 

a> <<«* 

kO 1^ U3 


00 

o» 

-id 


o> 

• 


CO 00 
U5 00 

kO T*4 CO 

<N f-l 


00 


CO 
CO 


rH OS CO 
1-H <M CO 


CO 
09 




CO CO cc 

fH "**< C<> 
kO 00 00 

• 

1-^ 


00 



CO 



o 

kA 



(M 

CO 



00 

OS 





00 








kO 

• 


'£> OS 


l-^ 


rH 


U3 kO 


OS 


t^ 


00 (M 


I'- 



rH 



OS 
CO 

CO 



(M 



00 

o 
I— 



000 

O 00 to 

\a r-t -^ 



o 00 00 

CO O CO 
O kO f-l 

V CO ^ 



CO 



1—1 


CO -* 


00 


CO 
(N 

OS 

• 


^00 

to 

»0 00 CO 
<M (M 


CO 

• 


00 

t-H 

00 


"^00 
00 to t» 

-^ -^ 


-* 
p 

00 


10 

1—1 

00 

• 


CO Oi <~< 
fH CO CO 
10 rH (N 


CO* 

»H 


00 


CO CO*^ 
1-1 "^ to 
00 OS 

• 

l-l 


00 

CO 
rH 

<>l 


-* 

• 


—t »o 

(N 00 
10 ip t» 

1^ 


00 

CO 

• 

rH 


« 


*^OS CO 

CO "«1< CO 
(M CO •£> 

»r-rH 


T-t 

CO 

rH 


CO 


^OSr- 

(N CO OS 
CO rH ■^ 

»«rH 


CO 

• 


CO 


CO 


to 
9* 




CO rH OS 
"Tf » -^ 
»0 l^ <N 


b* 

CO 

• 






to 

OS 
CO 



00 
OS 



00 

to 

OS 



CO 



00 

00 
b- 



000 

O 00 CO 



0^ 


ia r-* a> 

00 <**! 


CO 
OS 




• 

fH 


•504 2 

2 800 

3 080 


86-9 



OS to OS 
O to 00 
kO 'Of* <N 

C4 <N 



o 



co 00 to 

rH CO ^ 
to rH 00 



CO 

OS 





<N iH 


CO 


to 
00 


COl>.(M 

rH CO 
ip CO C4 

f^ »H 


00 
CI 

C<1 


00 

I-H 

00 


•5216 
1581 
899 


to 


CO 

00 

• 


t^ Od to 
<M -<*< CO 
to COb« 

• 

iH 


OS 
CO 

OS 

• 

f-1 


00 

00 


CO to 

CO tH "^ 
fH to 

rH 


Ok 
CO 

• 


CO 
CO 


000 

"^ to OS 
kO OS CO 

• 


rH 


CO 
kO 

• 


CO 

"^ 00 
to t» CO 

• 


»o 

(M 
OS 



O CO -^ 
CO O lO 
to to rH 



to 

to 



OS •>* t>» 
CO OS rH 
to CO rH 



OS 

to 



•3 

B 

d 

o 

OS 

"3 

CO 



^ 



© 



50 03 



OS 
CO 



o 

CO 
<M 

O) 
CO 

< 
00 



00 



03 
jO 

a> 
S 

CO 

cn 



O 

p4 



© 



S 



■ >^ »— I 



CO .S --^ 50 



o o 






OS 
OS 



o 
to 

04 

01 

CO 

<< 

o 

0^ 



10 



© 



ft •^M CO oS <-• 

^ GO 0) ^ 



I 



P< 



09 



to 

OS 

o 
to 
01 

04 

CO 

04 
01 



362 Steamship Coefficients, Speeds and Powers 



! I 

00 "^.g 



10 
o 



1 



i>;^ 



I 

a 

s. 



8 ^ 

< i 

^ I 



•s 




a 





i 


1 


t 


1 


• 

00 







« 





:S 



^ 



© 



9 
O 

1 



s 

• 


• 








iO 




t*- 


10 10 


00 


800 


10 





Ol-I 


t* 


S 


^ 


\Q<S\tO 


• 

00 


• 


• 


^^ 


0* ^ 




le 




■^ 


"^54 




' ? 


M 


CO 


i-i 00 i-i 


C4 


c? 


O) 


ud c^oo 





^ 


«?> 


• 


rH d 


• 

CO 


le 






lA 




% 




c« 


^ rl 00 




(O 


!-• 


i-« "«• 


©» 


<- 





lA t^ CO 


t^ 






?-« 


f-l fH 


CO 



0» 

iH 



00 



000 
Ol lO t>. 

id "^ Ot 



00 

CO 



S 



& 





f-t 


C^ 


CO 

• 


CO (M C^ 
C^ <M 00 
(N to 

• 

fH 


00 

• 



to tA 



•♦ O C» CD 

CO CO rl 00 

r« to o 00 



00 

o 



»o 












i 

• 


CD 


o» o» 


kO 


9 





00 CO CO 





• 


• 


kO 00 (N 

• 


• 




S 





<0 ri OJ 








-^ 00 04 





s 


• 


• 


»0 «D fH 

• 


CO 


•0 




<N 


CO ojr* 




^ 


00 


»ft -«!»» c^ 


CO 


■* 


S 


CO 


lO XO rl 


-"K 






• 


■ 


• 



o *a 

3 s 



m!^-^ 



c<j f-^ eo »o 
t» CO CO 00 
to kO -« 



CO 



S 
















09 



a 

eS 



« 



Froude'8 S. 



CO 



Estimated 

wetted surface 

in sq. ft. 



o 

CO 

CO 
CO 



Model No. 



CO 
C4 



eo 



i-H ^ O 

^ -* •><• 

»o «o "^ 



iH 0« <*** 



CO 

00 



CO kO OO 09 

»A O Ob f-^ ^ 

O) ip C4 -^ oa 

iH ' D< 00 io 



00 ^ eo Od 

w-a ^H Qo <M ui 

O ^ O^ f— I to 



^ "^ CO *^ 

\a ^ o <M 

00 kO t>« i-H 



kO 



00 ^ O CO CO 

kO 0< O CO O) 

t>. ko -^ CO »n 



CD CO "^ QO 

00 O) C4 00 Tt< 



CO C« O CO tN. 

iH CO O) kO kO 

t^ kO ^ CO Od 



-<« o» Oft 01 o 

r-1 00 CO l>» 0> 

r« ko 00 C4 r<. 



CO CD CO eo (M 
O) '^ 00 00 t>« 

CO kA CO rH kO 



a CO '^ 00 

«>. kO T^ (M 

CO kO >0 f-l 



t^ CO CI 00 
<0 kO ''^ 



eo 
eo 



S 






;2<i 



op Tl S S eS ^ 
.2 A 






09 9> 



00 



00 

fH 
CO 

• 

CO 



o 
o 

kO 

CO 

00 



00 



Miscellaneous Data 



363 



I • 







o» 

kO 


00 



• 

r-l 


•600 5 

2 640 

3 043 


a* 
00 

kb 


2^ 

to 

fH 

• 

r-l 


*^ W 00 

^ -^ 

CO <« 

*f*<N eo 


co 

• 

CO 


1— t 

• 


ko c^ 00 


p 

Od 
kO 

00 

• 

O) 

• 


CO O) 
C» 00 
>A (N kO 

00 

Oa »^ rH 
00 CD 
ip O) CO 

r^ fH 


CO 

>b 

r-( 


r-l 


la 

r-l 

kO CO <M 

<M CO 


CM 

kA 

• 

CO 


f-t 
r-l 


"*<« CO 
!-• 00 ■«* 

^ Oi CO 

f^ (M 




• 

^ 

CO 

• 

CO 

CO 
Oi 

00 


p 

T*i 

fH 

o» 

• 


00 

OS rl CO 
OS <M 
kO 01 fH 

r-l <N 

•^ t>. 00 
r- <M 

kO t>* 00 

rH rH 


kA 

kA 

• 

rjl 


p 

GO 


CO 

• 


"^ "^ iH 
rH <M 

>o t>. 10 

«M 

01 ^ O) 
-**< «^ 

• 


•^ »>. CO 

f-l 20 
10 x>> a> 

• 


00 



f-l 


00 

• 


CO 
CO 




0> CO d 
i-H »0 00 

10 T*f CO 

• 


fH 

00 

«o 

rl 


00 
kA 
00 

• 

CM 

r-l 
00 

• 


kA 

OS «>» !>. 

rH kO Til 
kC "^ OS 

rH 


00 

to 

CM 
CM 





CO (N 

(N CM 
(N 10 

• 


00 

• 




CO 1^ c^ 

(M <M CO 
u^ (N »0 

• 

I— 1 


00 

• 

r-l 


CO 

W 00 t^ 
kA <N CO 

• 

tH 


00 




00 


<M 00 
CO (M 00 
to 00 

• 




• 

1— • 


(M 


r-l f-l 10 

00 CI 

10 "* 

• 

r-l 


00 

Oi 



• 
fH 





00 

• 


kO 

r-^ ■^ CO 
CO CS| rH 
kO kA 

• 

fH 


OS 

CO 

• 


• 


0» r-l 

CO '^ 04 
00 (N 

• 


• 

•'If 

00 

• 


• 


3<I 

ao Oi Oi 
CO eo 00 
ip 00 C4 



00 

• 


CO 

«o 


00 00 
CO T»i kA 
»A 00 00 

• 


• 

fH 


CD 
CO 

« 

o> 

CO 


CO «^ 

rti 00 00 
to CO rH 

CO "^ CO 
ua "^ CO 

la »0 rH 

• 


00 



CO 

• 

fH 

00 

• 

/ — • — » 


00 


kO r-l CO 

•Tf 00 

kA (N 

• 


kO 

CO 

CO 

• 

rH 
00 

T*l 

• 


ko 
T»l 

• 


kA Tjl 
rti 00 kA 
kA CO (M 


fH 

• 00 


CO 


01 -«* Ol 

»o ■>* ■^ 
la \a T-t 


CO 


C9kA 00 
kA ^ OS 
kA kA i-i 

• 


1-1 
p 


00 
CO 

• 


rH CO kO 

CO 04 0» 


Oi 

CO 

■ 


00 

CO O) 
CO (N C» 

• • 


CO 

CO 

CO 

r^ — > 


CO 


00 

OCO fH 
CO N CO 
kA rjl rH 


00 

00 

rti 

• 

' s 


© 


8 pu^: 


" 2 L- 


.© 


52 -a « 

rH 
CO 

• 

CO 


_ CO 


© 


fH • ►H 

"1 W^ 

CO 

to 


00 




00 
I— 1 

CO 

• 

CO 



CO 
00 










00 
eo 





00 

kO 

00 
CO 










• 


u 

CO 
C4 






Q 

CO 

01 





364 steamship Coefficients, Speeds and Pm 



i-h 



1 1 






ills IU_*JiJ 

s I 5s SI E ! 11 
tl '-""-^^- 

V: 

jfl„., 



8 I I 
13 1 



I §3 



1 



I I 



s I 



3.. - 



„..u. s 



^|J4: 






Miscellaneous Data 



365 



©J . 

©1 "^ 

" S 

g 

w II 



n 



Ah 



s 



. c 

8 - 

9 (M 



s o 

5 i 

ca 

S . 

s s 

Pi **» 

S " 

o 

• o 

gg a^^ 

O ^ 

S w»' 



-*» 

S 

o 
o 

S 

• 

II 

S 

s 

W 'i-i 



t 

a 



43 

a 

s 

o 

% 



a 






II 



0) 

« 
ca 



> 

••a 
08 



o 



10 



^ o s 



00 »-i 



00 rt 






to 1^ 






g 



55 § 



w •? 
SS S 



g ?> 



O CO 

eo •-• 



o 



eo 



eo 



CO <M 



00 go CO 



CO 



s 



Oft 



O A 

rH 00 

» i-t 
&1 






CO 04 



s 

CO 



s 

c* 



CO 00 
09 



>0 I- 



04 



S o Si oS 3S 



10 



2 IS 

^ eo 



IM 






10 



CO iH UO '« O 04 

CO 10 <« lO (N <« 

■« C4 •« O) to 04 



00 »-i 



>0 o 



§§ 



S 3 S S 3 



r-t Oi 



Oi 



to 

1^ O) 



OS ^ 
00 09 



CO t« 

9 « 



00 



04 



CO 



00 



"2 ^ 

^ 00 



CO 
03 
CO 



«o 



eo 



3§ 



0« 

04 



t- 

^ 



to 
to 

00 



s 



o 

04 



04 



s 

04 



O 04 



04 
CO 
04 



09 O) 
O 04 
00 04 



04 



0» 1«< 
00 t' 



f-i CO 

to 04 



0> Q 

2 09 
04 



M 















Pk 



o 
:3 



Si 

I 

S 

I 

►3 



SS 



t^ 
^ 



CfO 

43 

O 



Pris- 
matic. 



o 
CO 



04 
90 



04 

00 






09 



04 
04 

00 




























to 







Block. 


? 


• 


1 


to 


« 



B to 5 

o io s. 



s 



<hii 



to 



CO 

to 



00 

to 



9> 

to 



CO 



Tons die. 
placement. 




Model No. 









Ob 



oa 
o« 



04 



■*» 

s 
e 

S 

1 

a 

s 
o 

"2 
K 

m 
A 

S 

9 

^^ 

s 

3 
CO 



r 



366 Steamship Coefficients ^ Speeds and Powers 



w 

•s 



o 
1^ 

o 

CO 

o 
o 

• 

X 



03 



i 



CO 

1—1 

o» 



2 
•i-i 

09 
P4 



CO 

1* 

CO 

o 
X 

II 



O 



X 



00 ^ 



1^ 








lA 


CO 


co«^ 




iH 


CO -**< 




A ^ 


CO 


•500 
214 
5 29 


kA 


CO 


"^ i5 

§fH 00 
»fi (N •* 


CI 




t» 00 

• • 


• 


Od 

6» 


CO 

• 

rH 


1—1 
Oi 








c<i 00 




00 


k« kO 






!H 


00 


Vft "^ »0 


*^ 


kO 


k« "^ '-' 

OOrH 


00 




• 





CO 

• 


rH 

• 






iH 


lA iH CO 

• 


t^ 


rH 


kO rH 00 

• 


CO 






CO 


10 -^ CO 


CO 


00 


iQ kO 




1 g 


Oi 


^^ t>. 00 


■^ 


\a 


^ t>. 


•<*< 


CO 

• 


i>. 


<N 


00 






rH 


»p ri (jq 


kO 


rH 


\Q r-K G^i 


"<i< 




lA kft 


<N 


00 (N 




Oi r-* 


©q 




•6491 

•6851 


00 


(^3 '^ 00 

^coo 


Tt< 


CO 


;X'* CO 


CO 




rH 

• 


kO 




• 







rH 


XO iH iH 

• 


00 


1-* 


»0 rH rH 

• 


CO 


to 




kO 


00 


CO 


CO 


N 




op ©» 


00 


c<j 2 »o 


TJ1 

CO 

• 


CO 


(N 2o 





iS 


• • 


00 


OJ '"' 00 


00 


©q '^t^ 




• 


\a r^ Oi 

• 


OI 


O) 

• 


kO rH 00 

• 


©9 


s g 


(N 


a> CO 


Oi 
Oi 


CO 


kO 

00 00 00 


CO 

©^ 

• 


3 10 s 


OS 


©q rH (jq 


kO 


kft 


<N kO 


.rio 


• 


00 

• 


kO O) CO 


fH 


00 

• 


kO Oi UTd 


y^ 


^ 















CD 


« ^ s 


00 


CO CO C<J 





w 


CD CO 







10 kO 


(M 


CO 00 


• 


T^ 


CO CO 00 


J 


• • 


00 


iOI^ •»!< 


rH 


00 


kft !>, CO 


iH 


•3 










* 


■ 


















1 


U3 


CO 


CO QO ^ 


(N 


-* 


00 

CO ^ rH 


kO 




9 :2 

• • 


Oi 


"^ 00 t>- 


'^ 


00 


Til 00 CO 


r- 




• 


«p kO (N 


o» 


• 


kO kO <M 

• 


^• 












uTd 


©q 




^ r« 


w 


tH o> t^ 


CO 


t^ 


Oi "<i< 


00 




5 5J 


UTd 


\a\ci Ko 


"* 


t>. 


kO kO 00 


Oi 




• • 


• 


»0 "^ r-t 

• 


ko 

• 


1>« 

• 


kC T** rH 

« 


kO 

• 






kA 












la 01 


CO 


•560 
361 
116 


kA 




00 


CO 






■^ 


I— • 


00 


to kO CO 


Oi 




• 


T" 


t* 


kO CO rH 


1 










-. V-»— 














• tirf 






■ IH 




{> 




© 




Resid. resist 

ance, lbs. pe 

ton A. 


© 


OSS « 


Resid. resist 
ance, lbs., pe 
ton A. 












kO 




Froude'B S. 




©q 

• 

CO 






rH 
kO 

• 

CO 




Estimated 

















wetted surface 




Oi 











in sq. ft. 




00 






00 








H 






Q 




Model No. 




o» 






Oi 












rH 






rH 





Miscellaneous Data 



367 



00 

• 

1—1 


•600 
2160 
4 690 

861 


O) 
kA 

• 

iH 


•600 
2161 
4 699 


fH 

00 

00 


00 

CO 


©^ 


•600 
2165 
6 626 

12-42 


• 

rH 




U3 iH <N kO 


00 
rH 

lH 


t^ kA 

goo-* 

kArH <N 

• 


CO 

OS 

• 


CO 
CO 

■ 

fH 


©4 kA 

gooo> 00 

lA rH ©« kA 

« 


«o 

rH 

• 

iH 


kO 00 (N CO 
Ot«.0» 00 

tA f-i rH .i*< 

• 


(M 

CO 

iH 


kA kA 
<-4 r* r-i 

SkAO 

kA rH <M 

• 


iH 

"^ 

OS 
CO 

p 


00 

• 

»H 


kA CO 

A 00 kA 

kA rH ©^ »A 

• 


GO 

p 


i-t t^ OS 
MS 00 09 kO 

2 CO CO oj 

»A rH fH C<l 

• 


00 

§ 

iH 


O) iH 
^ (N CO 

»A •— rH 

• 


■ 

fH 


rH kA 

f^ CO ^ ^ 
J5 CO 0> 00 
kA iH fH Til 

• 


CO 

00 

• 


10 fH t«. »H 

• 


CO 

I— • 

a 

• 

<N 

00 
00 

CO 

00 

• 


C^ "^ 00 

kA rH 00 

• 

fH C» 
<N fH 

kA OS CO 


00 

p 

CO 
kA 
kA 

• 

rH 


00 

rH 

• 

1-* 


00 fH 
C4 000 T»» 
§5 »H<M 

kA r- rH 00 

• 


00 

• 


»H 

<N iH 00 9!^ 
\a Oi \a fH 


• 

iH 


©a 

C^ rH OS OS 
©1 r-« CO CO 
kA Od OS ©4 



so 

• 


CO 

»oo«o § 

CO 00 CO . 
kA l>> CO rH 

• 

00 ^« 00 00 

T|4 00 CO O) 

• • 


CO 00 CO 
CO 00 C^ 
kA t^ 'i* 

• 


»H 

• 

tH 




• 

rH 


cooso J? 
CO 00 .^ V* 
kA t^ CO fH 

• 


• 


CO 
OJ 

00 

• 


kA U3 

CO 00 CO 

-^ 00 

kA »A CO 


CO 

f-« 
p 


00 
P 


kA kA CO 
CO 00 CO zl 

•^ 00 t^ T' 

kA kA -* iH 

• 


00 

• 


kA 

rH CO 
kA CO 00 i-H 
»A .^ .H «o 

• • 


CO 
00 

• 


fH 0» rH 
kA kA O) 
kA .^*< 05 

• 


CO 

I-H 

• 


CO 

p 


iH 

f-l 00 I2 

kA CO -^ • 
kA ^ eO rH 

• 


CO 

• 


tAOO "* 

oboo S 

CO CO (N S 

kACO •-• T*' 

I 


00 

• 


kA kA kA 

.^ ©^ 

CO kA CO 
kA CO fH 

• 


OS 

kA 

^ . 


00 

o» 

• 


»A 

COkA 00 S 
kACO ©^ ^ 








© 

Skin H.P. 
Resid. H.P. 
Resid. resist- 
ance, lbs. per 
ton A. 


© 




.IS. 

tj « 
•s g-*^ 

W 08 




01 

• 

«o 


kA 

• 

CO 


00 

rH 
kA 

• 

CO 





00 




kA 

kA 
CO 



00 



kA 
00 




n 
o» 




03 

'ft* 

O) 






i 



is 



SB 



>>(« 



m 



O 

I 

e 

s 
s s. 

I- 

• 

u 
9 

s 






8 






A O 



00 



^ O rH 

r« 6a o 



s 






»M 


r-l 


1-1 

• 


r-« 


rH 


iH 


w^ 


iH 






o 

• 

oo 


r 

i^ 


to 


• 
9 


r-t 


^ 

•* 


• 


o 

• 


1-1 

• 


• 


• 





CO !■« 

io I- 



00 



p CO O >0 A >0 04 

00 CO ^ 90 CO CO CO 






M ^ p OEl u» O 

eo 09 CO 04 CI 00 



S 



o 



8 



S 



^ ^ 99 o 3 ^ 

•^ iH M 01 N iH 



9 9 

rH Oa 



la 04 

r" *!■ ¥* T" "!•■ 9* r* 



o o o o 04 ko la 



^1 



000 

r-l »Q 00 

oa o eo 

«D 00 O 



o 



o o la o 

»-• t* o « 

06 t» >0 i-l 

CO to Ok O 



s 

e 

o 



Block. 



eiO4-e4O3O404O1«P 

«OCO(0<OO(OCOtO 

• ••■•••• 



Prig- 
matic. 



£ 



kO 



kO lA 06 
O w ^ 



Mid area. 



^18 



M M M M M M ^ 

O Ok Ok ^ O) Ok Ok 



eo 



glO M r-l 00 « r-l 
00 CO 04 O « r-l 



00 
S 

s 



•04 •C4 

X 



•^ 



90 .94 



04 






0« 


^ 





t- 


04 


01 




04 


03 


IH 


04 


01 




X 


X 


X 


X 


X 


X 




X 


.10 

• 


•« 


^ 


^ 


■^ 


HO 


i§ 


s 


lO 

to 


to 


10 
10 


lA 

to 




CO 
M 


X 


X 


X 


X 


X 


X 



S 8 § S 

^ ^ ^ CO 



«lfi 



o 
01 



C4 



eo 



04 



r-l lO 

eo 01 






U3 
04 



)^IP 



00 00 00 o 
r-l iH rH 04 



to 



«o 



00 

do 



00 



Beam as percentage 
of length. 



rH 00 



CO 



Ok 

eo 



Ok 

eo 



lb 



©fl 



eo 



■r^m 



O M 

• • 

Ok !<• 



o 

CO 



04 
t- 



00 ' 04 
04 ■« Ok 

r- ® Jt«. 






><0 PQ 



o' eo.o' co«<eo*'co®'eO'* 
S «S csg^ «g «tg rtg 



■^ U5 



db 

S 






00 >o 

• • 

^ lO 



94 



« eo 



04 O ^ 
04 04 04 



^ 9 ©1 

rH 09 04 



CO O 

rH 00 to 



© r- 



S to s 

• • • 

000 
rH oa to 

Ok rH 00 
^ CO to 



s 



So 



to 



s s s 



to 



>o 10 



M 09 04 

Ok Ok 06 



to 00 rH 



15 



10 to 

Ok r^ 



o 

04 

X 

o 
•«* 

X 

8 



X 

o 

lO 
X 



X 

8 

X 



9 


10 

• 

04 


9 
eo 


§ 


§ 


§ 




• 


1^ 






• 

10 


t 

. 



do 


•CD 




2^<MeoO»eo««o 

g;5' w"^ a*^ Sv*^ 



1 




? 


9 


• 


9 


9 


« 


7* r" 


(0 


^ 


9 


r^ 


9 


s 


»-• 




IH 




s 


lO 


« t« 


(O 


«o 


« 


C9 


lO 




o 


























.^4 

Si 


8 

• 

fH 






• 


• 

00 


to 


eo to 

• • 

lO lO 


5 

• 

iH 


to 


9 

MO 


9 

lO 


• 
• 




? 


• 


Sg 


o 


la 


lO 


^ 9 


to 


^ 


t- 


eo 


9 


^ 8 


1 


IH 


00 


00 


00 


w 


00 


■^ ■^ 


^ 


^ 


•* 


^ 


eo 


|.| 


S 


00 


?! 


9 


eo 

• 


? 


ip p 


to 


a> 


$ 


9 


• 




s. -ij 




la 


»o 


la 


ua 


00 


CO -^ 


00 


eo 


eo 


eo 








g 


<?> 


• 


« 


kO 


s 


9 "?• 


9 


eo 

fH 


04 


a 


9 


1^ 


a 5 


• 


eo 


eo 


eo 


CO 


04 


00 eo 


00 


00 


CO 


04 


94 


3 « 


P "O 

S OB 

• 


00 


• 


• 


00 

• 


• 


o 


M «p 


^ 


•^ 


to 

• 


• 


• 


§3 




04 


04 


O'l 


04 


04 


94 94 


04 


©4 


04 


M 




s 


O 

• 


r-l 


rH 


9 


*- 


9 r" 


o 


O 


9 


9 


• 


SS 


OB 

s 

1 




09 


©? 


04 


fH 


»H 


C4 01 


04 


©4 


Ol 


fH 


r4 


O 9 


? 


eo 

• 


• 

r-i 


• 

fH 


eo 

■ 

fH 


eo 

• 

iH 


>o r^ 

• • 

iH pH 


• 


to 

• 


to 

• 


• 


r4 

• 

rH 


55 


2 


O 


S 


O 


O 


o 


rH ^ 


o 


-H 


00 


rH 


O 


s.i 


s 




fH 


iH 


fH 


iH 


fH 


fH iH 


rH 


tH 


rH 


r-t 


rH 


^& 


o 


© 


>o 


»o 


to 


lO 


to to 


• 


o 


to 


• 

• 
• 


s 




! ^ 


• 


• 


• 


^ 


• 


9 9 


9 

• 
• 


9 

• 
« 


9 

s 

«o 


Sadler'i 
re scale 


Displacement 
in tons. 




o 


iO 


8 

CO 


• 
• 


• • 

• • 


• 
• 




J^ 


^ 


^ 


J^ 


iH 


tH rH 


r* 


fH 


rr* 


fl 


9 


given in Prof. 
i resistances a 


i 

o 


Block. 


• 


• 


• 


• 


? 


• • 


P 


s 

• 


^ 


• 


Pris. 
matic. 


i 

• 


• 




• 


• 


i 1 

• • 


• 


3 

• 


to 

• 




• 
• 


o 


Mid area. 


¥ 


• 


9 


§ 


• 


g |! 


• 


9 


• 


? 


• 
• 


•3 . 


w 


•"* 


t* 


•"* 


•^ 
















< . 


^1 


s 


CO 


00 


g 


• 
• 




• 
• 


• 


• 
• 


• 
• 


• 
• 


i^. 


« 








fH 


















part 
•«, 19] 












:a 


•00 

•iH -00 


« 


? 


:S 


•00 




OB 


00 


CO 


o 




00 


00 T* 


«D 


■^ 


00 


59 


S 


a 


IH 


r-t 


04 


s 


1-t 


iH 00 


i-« 


iH 


iH 


rH 


C4 


at 


o 


X 


X 


X 


• 


X 


X :^ 


X 


X 


X 


X 


X 


erived froi 
ne Ermine 


a 


X 


S 

X 


X 


X 


1 


•«o X 

T" 00 
to "* 


to 


2S 

• 

to 


1 


to 


s 

X 


1 ■ 








^ 


«0 
X 


"* X 

g •* 


X 


X 

8 


X 

S 


X 

5 














^ 


•^ 


"* 


■^ 


00 


« 




•OT 






ta 












>o 








i^ 


nh 


• 


?3 


• 


kO 

• 


o 

• 


to S 


• 


04 

IH 


to 

• 


9 


to 

• 






M 


00 


04 


o« 


04 


04 04 


O) 


CO 


04 


04 


04 


• 


.W 


• 










•^ 


to 


00 


:s 




5s 


^\Q 


04 
04 


^ 


00 

fH 


3 


01 
04 


3 §^ 


s 


s; 


2 


^ 


04 

04 


400 ft. 
rehitei 


























Beam as percentage 


lO 


\o 


9 


s 


« 


• • 


• 




• 


• 


s' 


of length. 


n 




S 


tH 
iH 


• 


• 


• 




• 


• 


—4 


r 


H^'lPQ 


o 

• 

00 


9 

00 


• 


00 
00 


O 00 -OO 00 00 ^ 

^ 00 00 00 00 t« 

IH 


• 


00 

00 

to 


!• 


• .^ 


«eo <>'«'• 


"* 


2 
CO 


g!a 




il|l§ 




Eh ««S ««S «S «sg««h 


• 


s 



24 



370 Steamship Coefficients, Speeds and Powers 



S.2 






CJ2 
a »4 

IS 

o. 

II 

~ s 

§1 



^ 



r 




O 

I 



<1 

s 

2 



2 


o 




o 


oo 


lO 


03 


^ 


i. 










• 


• 

1-1 


s 


» 


lO 


S3 


IH 


•o 


kO 














o 


• 


• 


• 


• 


• 


• 


VH 














$ 


00 


• 




f 


# 


^ 


ft 


2 


« 


00 


1-1 


00 


M 



JS 

m 






a 
-8 






to ^ M 

• • • 

«e CO o; 



9 P •« 

00 ■« 04 



^ 



o 



s 



1-1 00 » 

• • • 

CO ^ fH 

^ •* r« 



CO 



to 

rH 00 

• • 

0» f-l 



04 IH 



s 



oi 

kO 



lO 



■^ to o 

9» ^ ^ 



3 



o 



s 






A 9 Ob 



lO lO >o 



O O O 

04 e^ (M 

OJ &1 09 

*- fr- r- 



© o o 

■* ^ •* 

«-l -^ F^ 

CD (O CO 



• 

5 


Block. 


• 


Id 

• 


>o 
>o 

• 


•686 


• 


3» 

• 


^ io 

U5 U9 


1 

• 




a> 

•s 


PriB- 
matic. 


• 


to 

■ 


1-1 
lO 

• 




«o 

• 


O 

• 


• i 

to 

• 


1 


4> 

o 




«D 


(O 


CO 


^ 


<* 


^ 








o 1 Mid area. 


CO 

0» 

• 


CO 

9» 


9 


• 


• 


• 


84 <N 


? 






It 






9 




00 


«^ 








< 


3 


rH 
i-H 
IH 


5S 


8 


lO 

rH 


04 

rH 


s 


• • 

• • 


• 
• 




s 


S 


^ 


S 


^ 


8 


g 


a g 


S 




o 


X 


X 


X 


X 


X 


X 


X X 


X 




•s 


$ 


$ 


o 


S 


8 


8 


S 8 


8 




« 


X 


X 


X 


X 


X 


X 


X X 


X 




B 


S 


g 


S 


8 


S 


§ 


8 8 


S 




o 


CO 


■* 


•# 


eo 


i»< 


•^ 


CO <• 


* 




• 


o 


o 


o 


o 


o 


o 


kO lO 


lO 




Mlp 


M 


09 


Oi 


eo 


M 


• 

eo 


04 04 


04 




»J'C) 


00 

rH 


S 


s 


00 


8 


o« 

04 


s s 


S 




Beam as percentage 


rH 


9 


rH 


•9 


CD 

rH 


•» 


OS ua 


? 




of length. 




o 


o 


(O 
rH 


lO 


eo 


eo 04 

T-* f* 


rH 
rH 




• 


O 


o 


o 


O 


•« 


<0 


Ol © 


00 




H^ICQ 


o» 


• 

o 


• 

rH 


• 

CO 


CO 


t^ 


t^ 00 


• 

00 








f^ 


ft 














£ • 


lOz-s 


<•*> 


^-N 


f^ 


>^v 


<"*> 


'S^ <•*> 


^*s 




1^;? 


. < 


•< 


•< 


c? 


o 


o 


M CQ 


M 




tn^ 


s_/ 


V-' 


^^ 


•sS 


>-• 


>—' O 


o 




h'^ 


1 


e-^ 


ei 


00 


rH 


N 


M 


rH (N 


CO 





!^ 



Miscellaneous Data 371 

Independent Estimate op Power for Propulsion. 

The I.H.P. or S.H.P. may be built up thus : - 

(1) The E.H.P. of the naked hull is got from a tank trial or 
calculated from (a) the skin H.P., and (b) the residuary H.P. 
from Taylor's contours of residuary resistance per ton of dis- 
placement. It is often considered advisable to add 5 per cent, 
to Taylor's figures, because the temperatures at the U.S.A. tank 
are higher on the average, and show lower resistance, than those 
of general practice. 

(2) A percentage is added for appendage resistance ; this may 
be taken from Captain Dyson's figures. 

(3) The air H.P. is added. 

Thus we have E.H.R (naked) +appendages + air H.P. ^ ^ ^ p 

Hull efficiency 
The hidl efficiency (e^) is theoretically the factor which pro- 
vides for the effect of the proximity of the propeller to the hull. 

(4) The D.H.P. = power delivered to the propeller 

= _ : — 1-1 . Propeller efficiencies may be taken 

Screw efficiency 

from Mr R. E. Froude's results, shown on our Plates 55-63. 

(5) The S.H.P. 

= Shaft horse-power = _, ,^ W — ■^-. . 

Shaft transmission efficiency 

The shaft transmission efficiency, which may be taken from 
Plate 41, differs from the D.H.P. by the amount of friction in 
the stern tube and tunnel bearings. 

(6) The I.H.P. is greater than the S.H.P. by the amount of 
friction in the engine itself when it is a reciprocating engine. 
The S.H.P. is the power taken at the aft end of the thrust 
shaft, while the D.H.P. is the power at the outer end of the 
stern tube. 

Plate 41 shows ratios of D.H.P. to I.H.P. and S.H.P. from 
Messrs Maclaren and Welsh's paper (Trans, Inst Engineers and 
Shipbuilders, Scot., 1914). 

Propulsive coefficient = E. H.P. (naked) 

The T.H.P. may be taken as 

E.H.P. (naked) + a percentage addition for appendages 

Hull efficiency 

and air H.P. taken sepaiately. 
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Analysis of trial-trip results and of propeller performances on 
actual service, in cases where model of the ship has not been 
tried. The E.H.P. is estimated, the skin H.P. being calculated 
and the residuary H.P. obtained from Taylor's contours and 
the air resistance calculated, and additional power for appendage 
resistance taken from Dyson's book, and engine friction and 
propeller waste from our Plates 37 and 40, based upon Maclaren 
and Welsh's 1914 curves. 

Usuallv a wake value is assumed, using figures from Baker, 
Fronde, Luke, MacDemiott or Taylor. The propeller efficiency, 
which may be taken from Taylor's experiments or from T. B. 
Abell's 1910 paper, depends on real slip ratio, which is known 
if we assume a wake value. So that we take approximately 

RH.P (naked model) ^ j^^^ ^^. ^ 
D.H.P.x«8 

The hull efficiency includes all the unknown quantities, and 
can only be estimated from a similar ship. 

From trial-trip results hull efficiencies on this basis vary from 
•80 to 1*0. The lower figure applies to small twin-screw ships 
and the higher ^gure to large twin-screw passenger liners ; the 
reason for the dinerence is at present obscure. In single screws 
1*3 may be found. If Baker's allowance for effect of form upon 
frictional resistance be correct, the method of estimating power 
from Taylor's contours must be considerably affected, though 
in many cases, as for instance in the example on p. 77, 
Taylor's residuary resistance is low and agrees with this method. 
Taylor, however, did not make this allowance. On actual service, 
of course, the propeller efficiency will be low and the slip ratio 
high as compared with trial -trip results. 

For Air Kemtance, the formula KV^. 

If the resistance is expressed in tons, and V in tens of knots, 
then for the " Powerful " K = -5, " Vulcan " = -3, " Medusa " = -IS. 
Suppose that for a given vessel it had been calculated that there 
was about 4 000 sq. ft. of surface above the L.W.L., reckoned 
normal to the direction of motion. 

Pressure per sq. ft. = --— lbs. (v in miles per hour). 

(20x5^)' 
At 20 knots pressure per sq. ft. = ^^ = 1*61 lbs. 

Hor«^power absorbed = 1-61x4 000x20 6080 ^ g 
*^ 33 000 60 
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Thrust Horse-power, T.H.P. — This is the basis ficure for all 
propeller calculations. It may be arrived at either (1) from the 
resistance of the ship, or (2) from the propeller performance. 

(1) To the E.H.P. (naked) an addition is made for wind 
resistance and for appendage resistance. The total E.H.P. thus 
found is divided by the hull efficiency, and the quotient is the 
T.H.P, 

(2) From the wake value, the ship speed, and the revolutions 
the whole propeller performance, including the thrust horse- 
power, can oe worked out. 

The T.H.P. from (1) should equal the T.H.P. from (2) if all 
the values are correct, but they almost never agree ; (1) is usually 
about 10 per cent, less than (2). In most cases this is because 
too little nas been allowed for air resistance, and perhaps too 
little for appendage resistance. 

Suppose m (1) we have propulsive efficiency stated as '60, in 
(2) we have engine efficiency '84, hull efficiency '98, propeller 
efficiency '70, air and appendage factor '91, these giving a pro- 
duct of '525, this is a oinerence of 5 per cent. 

If the wind resistance is calculated from the areas by the 
formula, it will be found greater than is usually guessed, and the 
discrepancy will then be much reduced. 

A set of curves of ' ^ or ' ' for different types of ships, 

I.rI.P. S.H.P. 

taken from actual running, should be obtained and kept up to date. 
The E.H.P. (naked), from tank trial, which is given in compara- 
tively few cases, may be replaced by E.H.P. calculated from 
Tavlor's contours of residuaiy resistance per ton of displacement, 
ana our tables of skin H.r. per 1 000 square feet of wetted 
surface. To the latter we should add a percentage, 5 per cent, 
or so, which we may call Mr Baker's aadition for form. To 
Mr Taylor's residuary resistance about 5 per cent, should also 
be added to bring the relatively warm -water results of the 
American experimental results into line with average sea 
temperatures. I.H.P. and S.H.P. include appendage additions, 
which amount to about 4 per cent, for single screws and 9 per 
cent, for twin screws. Sea speeds may be taken as *925 of trial 
speeds at the same power, for medium-sized vessels, the reduction 
being due principally to wind effects. Professor Durand mentions 
that wind resistance amounts to 25 per cent, of water resistance 
for 10 knots against a 40-knot wind. 

For converting trial speeds and trial -trip values of ^trw into 

I.H.P. 

8ea*going figures, a wind velocity of 20 knots may be ti^en for 
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the calculation. For little ships, battling against waves, the sea 
speed is lower compared with their trial speed, while with large 
vessels the trial spem and the sea speed are much alike, because 
the large vessels are less susceptible to the opposing forces of 
weather and sea. 

"Wind Pressure on Ships*' is the subject of an article in 
Der Sehifibau, an abstract of which was given in the Shipbuilding 
and Shipping Record, 24th April 1917. This article condemns 
the usual formula which only takes account of the transverse 
area of the exposed surface, and considers the increase of velocity 
due to height, comparing the influence of the fine lines of the 
" Mauretania '' with that of the blunter lines of the passenger and 
cai^ liner ** Eaiserin Auguste Victoria,*' pointing out from deck 
to deck how everything in the former was planned with a view 
to lessening wind resistance. The pressure on the funnels, masts, 
and other curved portions of the vessel are calculated, and the 
average velocity of resistance to wind of the anchored ship, taking 
into the calculation rail supports, horizontal friction surfaces, 
cable-stoppers, windlass, capstans, davits, bollards, etc. 

If we nave E.H.P. curves from tests of tank models of a few 

ships, curves of values of (o) may be plotted, and from these a 

new curve of length-correction for (o) may be derived, similar 

to Mr Baker's, except that it will be steeper on account of sea 

and weather effect upon small ships, making (c^ a more useful 

quantity. 

T.S.S. "H.," 440x54-1 X 23*5 ft. mean draught. Block 
coef. = '637. 14J knots at sea. 85 revs. 5 300 I.H.P. at sea. 

From Taylor's curves, E.H.P. (naked) = 2 236. 
From tank trial E.H.P. (naked) = 2 470. 

Taking 5 300 I.H.P. we have ^i^l^! = |4^ = -466. 

and E.H.P._2 236 ...^ 

*"'' i:h:p: = 5300 = *^^- 

•422 is the "nominal efficiency of propulsion," at sea, and '466 
is the "propulsive coefficient" from tank-model results. 

Taylor's contours are invaluable for providing the means for 
making a set of " nominal propulsive efficiencies '' from the per- 
formances of known ships of various types, upon which an 
estimator may base calculations for the power of proposed ships. 
It does not matter though the calculated E.H.P. (nak^) and me 
"nominal .propulsive coefficient" be considerably lower than. the 
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•50 usually accepted as a standard, so long as we keep to the same 
method of arrivmg at the result for the proposed vessel as for the 
type ships. 

Messrs Maclaren and Welshes vessel A. Single-screw steamer 
or yacht, with three-crank triple-expansion reciprocating steam 
engine. 14 knots on trial. 169x26x8^45 ft. ftial draught. 
A = 573 tons. Block coef. = •54. Prism, coef. = -59. Mid- 
area coef. = ^915. 



Enota. 


I.H.P. 


i.H.P.* 


Percentage 

of fourteen 

knots. 


10 


282 


245 


• 

71^5 


11 


394 


268 


78-6 


12 


516 


265 


85-8 


13 


696 


250 


93 


14 


962 


225 


100 



Our curve of appropriate -j- for this form gives 12*7 knots. 

vL 
Therefore for speeds at sea we should plot the following, taking 

corresponding values of for the same percentages of the 

1. H.P. 

service speed of 12*7 knots. 



Knots. 


Percentage 

of 
12*7 knots. 


I. HP. 


Alv» 
I.H.f.- 


^. (naked 

model) or 
propuIaiTe 
coelttcient. 


9^08 
9*99 
10-9 
11-8 
12^7 


71-6 
78-6 
85^8 
93 
100 


282 
394 
516 
696 
962 


209 
200 
200 
187 
168 


'44 

•45 

•457 

•457 

•45 



127 
14 



^ -907. 
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Appxndagb Rbsibtancb. 

Captain C. W. Dyeon, of the U.S. Navy, considers that the 
resistances of the hilge keels, docking keels, shafting, struts and 
shaft bosses, are skin-frictional, and can be calculated as such, 
while the rudder, stem post, and scoops if any, enter more into 
eddy-making resistance. The percentage addition for the latter, 
therefore, is subject to Fronde's Law of Comparison for want of 
a better method. In his book Screw- Propellers and Estimation of 
Power for Propulsion of Ships^ Captain Dyson bases his diagram 
for appendage resistance percentage additions upon the assump- 
tion tnat these vary directly as oeam as-percentage-of-length of 
ship, taking a standard block coefficient of '60.* 

Model experiments are in almost all cases made with the bare 
or naked hull only, and this may be supposed to include a 
reasonable amount, ol dead wood. Any excess deadwood adds to 
the skin-frictional resistance. 

Instead of adding the percentage increase for the resistance of 
the appendages taken altogether to the total E.H.P. as Captain 
Dyson does, we prefer to separate those which increase the skin- 
frictional resistance from the group of appendaji^es which a£fect 
the eddy-making resistance, in the manner indicated on p. 6. 

In a paper by Mr T. G. Owens, read before the Inst. Naval 
Architects in 1914, it was noted that the resistance results of 
rudder appendages deduced from experiments with models were 
somewhat exaggerated, and that twin rudders adversely affected 
the value of tne propulsive coefficient to a considerable extent. 
In the discussion. Sir Philip Watts said that the increase in 
power required in passing from middle-line rudders to side 
rudders at the same speed was about 3 per cent, of the whole 
horse-power, with properly shaped appendages and rudders of 
only euual power, and that for that reason twin-side rudders had 
been given up in British Dreadnoughts and in certain foreign 
warships, in spite of the advantage, with side rudders, of being 
able to turn a vessel quickly even when stationary when the 
screws are driven hard ahead, because the loss of speed entailed 
was about a quarter of a knot on a 26-knot ship. 

A four-propeller ship has more appendage resistance due to 
the shafts than a three-propeller ship. 



* Ck>rreotive curves are given, showing decreasing appendage resistance for 
fuller ships, and slightly increasing percentages for finer forms. 
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Appendages. 



single-screw vessels. 


Twin-screw vessels. Triple-screw 
and four-shaft vessels. 


Rudder. 


Rudder or rudders. 


Rudder post. 


Rudder post. 


Bilge keela. 


Bilge keels. « 


Shafc bossing (negligible). 


Docking keels (in very large 


Propeller boss (only if un- 


vessels). 


usually large). 


Shafts. 




Struts. 




Shaft bossings. 




Deadwood (if over a reason- 




able amount). 




Scoops (if any are fitted). 



Some examples showing percentage additions for the increase 
of resistance due to appendages, taken from Captain Dyson's 
book, Screw-Propellers and Estimation of Power for Propulsion 
of Ships : — 









TtfiAin 








Appendage 


Name of ship. 


Length 
in feet. 


No. 

of 

shafts. 

4 


as per- 
centage 

of 
length. 


Mid- 
ship 
section 
coef. 


Block 
coef. 


Pris- 
matic 
coef. 


resistance 

in per. 
ceutage of 
bare hull 
resistance. 


Chester 


420 


112 


•724 


•400 


•553 


11^3 


Columbia . 


411-58 


3 


14-1 


•869 


•491 


•566 


13^2 


60-ft. launch . 


50 


1 


20-0 


• ■ • 


•35-2 


■ ■ • 


2-7 


Fuel barge 


160 


1 


15-6 


•980 


•886 


•904 


3-6 


Sonona 


176 


1 


19-5 


•876 


•531 


•607 


3-4 


T.B. Mackenzie 


99-25 


1 


12-9 


•700 


•420 


•600 


2-3 


T.B.D. Smith . 


289 


3 


9-0 


•649 


•407 


•628 


9-7 


T.B. Talbot 


99-5 


1 


12-6 


•800 


•337 


•421 


3-6 


Utah 


610 


4 


17-3 


•979 2 


•583 7 


•596 


15-8 


Vicksburg 


168 


1 


21-4 


•820 


•482 


•689 


3^0 


Wyoming 


554 


4 


16-8 


•986 


•618 


•628 


15^4 



The percentage additions for appendage resistance for full-sized 
ships, given in Captain Dyson's book, were based upon experi- 
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menu upon models with and without the appendages. While 
2} to 3^ per cent, is about correct for single-screw ships, the 
appendage resistance for some two-, three-, and four-screw ships is 
apt to be exaggerated when deduced by this method from models. 
Mr Luke's experiments with a model twin-screw ship of '65 
block coefl&cient, and ratio of length to beam =6*8, quoted in 
Mr Baker's book, showed the resistance varying with angle of 
boesing, thus : — , 



Angle of bossing to horizontal. 0°. 



22J'. 45*. 67i*. 



Percentage addition for bossing "j 
and webs over and above the }-; 97 
resistance of naked model J 




Note the high resistance of the horizontal bossings compared 
with those sloped normal to the hull. Mr G. S. Baker, in his 
Newcastle lecture, 1915, mentioned the uselessness of attempting 
to ascertain the resistance of full-sized brackets or bossings from 
small-scale experiments. 

For building up the calculated total E. H.P. from the naked 
model, it may be reuiembered that associated with horizontal 
bossings there is a high hull efficiency value with outwai*d -turning 
screws, and if we must assume something, we may perhaps eay 
9 per cent, with ordinary merchant twin-screw shaft bossings, 
and 7 per cent, with A brackets ; for three-screw ships about 10 
per cent., and four-screw ships 9 per cent, increase for appendage 
resistance. 

I. The Cost in Power of Bilge Keels. 

In a paper read before the American Society of Naval ArckiUcts 
and Marine Engineers in 1914, Professor C. H. Peabody gave 
results of elaborate tests carried out on the self-propelled experi- 
mental vessel " Fulton," 30*9 ft. in length, the keels being about 
15 ft. in length. The bilge keels used would have been 7^ ins. 
thick and from 30 ins. to 7 ft. 6 ins. in depth for a similar ship 
309 ft. in length, instead of being, as generally made, viz. with a 
single bulb-plate of practically negligible thickness and two angles 
to shell of ship. As remarked by The Engineer, 6th February 
1914, in an excellent article, the amount obtained from these 
experiments for added resistance may be looked upon with a 
certain amount of doubt as a measure of that required for 
normal keels. 



r^ 
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Added Resisiance due to Skin Friction. — In Wm. Froude's 
experiments on the "Greyhound" the added resistance when the 
ship fitted with bilge keels was towed was said to be less than 
that computed from surface friction alone. Whether the bottom 
of the ship was slightly cleaner or not when the bilge keels were 
tried we do not know. " The surface-friction calculation is based 
on the assumption that the forward end of the bilge keels in their 
advance meet with undisturbed water, while, as a matter of fact, 
the bilge keels being situated at the middle of the ship are not 
meeting undisturbed water, but water that has already been put in 
forward motion by the bow of the advancing vessel ; that is, they 
are to some extent in the frictional wake, and this would reduce 
the actual surface-friction resistance below that computed."* 

Added Resistance due to Eddying. — Taylor f points out that 
model experiments show that when bilge keels follow the lines 
of flow and are sharpened at the ends, the additional resistance 
due to them is not greater than that due to the additional surface 
alone, and that they may be placed at appreciable angles to the 
natural lines of now without greatly augmenting resistance 
beyond that due to their surface, there being but little eddying 
around model bilge keels, whereas with full-sized ships if the 
bilge keels do not follow the lines of flow there may be a great * 
deal of eddying. 

[It has been stated that the small power for a gyro is only 
required when the necessity for stabilising arises, while bilge 
keels are a drag in all weathers.] 

II. Appendages. 

The resistance of appendages, viz. bossings, ram (if any), 
immersed counter (if any), bilge keels, sometimes docking keels, 
rudder, shafting, shaft struts, propeller bosses, spectacle frames, 
is chiefly eddy resistance, ana may be minimised by careful 
shaping. With single-screw vessels it may amount to 4 per cent, 
of the resistance of the naked hull, and with twin-screw ships, 
according to Mr Taylor, it may be as great as 20 per cent., 
though usually much lower than this, often about 9 per cent. 
Long cones materially assist in reducing the resistance of 
propeller bosses, which, if large in diameter, do not greatly 
affect appendage resistance when the propellers are slow-running. 
When the propellers are fast-running, then solid propellers wiUi 
small hubs are preferable from the point of view of resistance 

* Ibid. 

t Speed and Powr of Shipe, by D. W. Taylor (Chapman & Hall, 1911), p. 123. 
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of appendage. Tlie angle of the web of the spectacle frame 
or shaft boss may advantageously be placed edgewise to the 
flow of the stream lines, in what Mr D. W. Taylor calls the 
neutral position. 

As a matter of fact, in a great many moderately full merchant 
ships the resistance is greater than it need be, either because too 
little attention is paid to this angle, or because it is cheaper to 
build nearly horizontal. To keep the web in the neutral position 
the angle would have to vary along the length of the shaft boss. 

Powering Ships. 

The resistance of the naked model is the basis upon which the 
power for the full-sized ship is estimated. From the E.H.P. 
curve of the naked model the propulsive coefficient is obtained, 

. E.H.P. (naked) E.H P. (naked) 

^^^* I.H.P. ^^ D.HP. 

From Taylor's contours an estimate of this E.H.P. can be 

approximately obtained, and, divided by the I.H.P. or S.H.P.; 

gives what Rear- Admiral Taylor calls "a nominal efficiency of 

^ propulsion." Taylor's contours may be used for calculating the 

E.H P. (naked) and for checking results from models. 

Unless, however, the air resistance and the appendage re- 
sistance are added to the E.H.P. (naked) from model or from 
Taylor's contours, and a new E.H.P. taken as the numerator in 

F H P 

the fraction ^^ ,. ' ^' .' » we do not obtain a large enough 

Hull efficiency 

T.H.P. to start with for propeller calculations. The appendage 

resistance is not a factor m the effect of propeller action on the 

resistance of the hull — it is a larger percentage than anything 

we can charge to mere propeller action. Similarly air resistance 

should not be included in propeller efficiency — it should be part 

of the gross E.H.P. 

Therefore we write • 

E.H.P. (naked) + air H.P. + appendage H.P. ^ p^p^g^^, efficiency. 

D. H . P. 

and 

E.H.P. (naked)-Hair H.P. + appendage H.P. _ Gross E.H.P. _ t g p 

Hull efficiency " Hull efficiency 

and 

Screw efficiency e, = I^lli = Q^°«« ^HP- ^ 



D.HP. D.H.P. Hull efficiency 
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E H P 

Taking ■ * ' at the figure usually quoted, viz. '60, or Bome- 
l.xi.F. 

times *55, i,e, the E.H.P. deduced from the naked model in the 
tank, the figure should be multiplied by about 2, to give the 
I.H.P. for the ship at the corresponding speed. This multiple is 
often assumed a sufficient guide tor enabling the builder to predict 
the performance for a measured mile trial, or even for a run, say, 
from the Clyde to Liverpool. Under sea-going conditions, how- 
ever, after the vessel is commissioned, a speed lower by | knot 
to 1^ knot than the trial-trip top speed is all that is expected 
and obtained. Obviously, then, coefficients of performance, 
obtained from vessels driven on trial at speeds corresponding to 
their forms, have to be modified not a little in some more or less 
rough way before applying the same methods to "sea speeds.'' 
It is necessary to taEe account of the meteorological conditions 
prevailing on given ocean-trade routes. On her voyage the ship 
encounters (1) waves which not only affect resistance by 
temporarily altering the trim, but which have to be reversed 
in direction of motion before the wave-making proper to the 
ship's motion can be developed ; (2) ocean currents, which alter 
the actual speed of the ship, and which should be provided for ; 
and (3) air resistance from prevailing winds and other winds. 

Such information, obtainable from Meteorological Survey 
records, can be tabulated for the use of the engineer. It should 
be possible to translate these items of information into percentage 
factors directly affecting ship resistance, so that the difference 
between trial speed and sea speed may be estimated if not 
calculated, instead of guessed. 

The special conditions of the service on each trade route are 
known and understood by the staffs of the shipowners concerned, 
and this partly explains why text-books are so little used by 
them. In determining the most suitable proportions for the 
propeller, these considerations are even more cogent, for, though 
the figures calculated in accordance with the most learned mono- 
graphs may give results, in smooth-water measured mile trials, 
beyond the contract requirements, they frequently fail to pro- 
duce the propellers which are needed for thrashing along at the 
necessary speed at sea to gain a tide, even when the trial-trip 
speed specified in the contract is the usual knot, or knot and a 
half, more than the required sea-speed. 

(1) The skin-frictional resistance of the wetted surface of ship can 
be calculated (see Skin Friction, p. (9), and a percentage addition 
given in Mr Baker's way to this resistance, to allow for increased 
resistance due to the form, and another percentage added for rough 
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bottom, and a certain percentage for skin friction of appendages, 
such as rudder, bilge keels, propeller struts and shaft bossings, 
and for deadwood when this is in excess of the usual amount. 

(2) The wave-making resistance which follows from the pro- 
pagation of diverging waves from the bow and stem and trans- 
verse waves from the immersed hull may be closely estimated 
from model experiments, or from Mr Taylor's contours of 
residuary resistance per ton of displacement, with the necessary 
modifications for parallel body if required ; and percentage addi- 
tions may be given for the influence of changes of trim, rolling and 
pitching involving retardations, rough water tending to disturb 
the regular formation of waves, rolling and pitching placing the 
ship in positions which cause the total resistance to be increased. 

(3) The eddy-making resistance, the equivalent of energy 
imparted to the water in churning it into eddies, due to irregular 
motion of rudder, and to the irregular closing of the water round 
blunt-ended appendages such as propeller struts and webs, and 
broken water round the stern-post, stem, and bilge keels, may be 
roughly estimated. (1), (2), and (3) together constitute the total 
water resistance, the gross tow-rope resistance. The useful work 
performed in overcoming these three is E.H.P. 

(4) The augmentation of resistance occasioned by the presence 
and action of the propellers. The useful work performed in 
overcoming (1), (2), (3) and (4) is T.H.P., the H.P. delivered by 
the screws in propelling the naked hull without air resistance. 

(5) The air resistance, affected by differences in the force of 

the wind, may be estimated approximately from the formula 

R = KAV*, where R is the air resistance in lbs. of a plane area 

A in square feet of the transverse above-water projection of the 

ship, including funnel, etc., moving normally to the direction of 

motion of the vessel at a speed Y in knots, and K = a constant 

given by Admiral Taylor as '0035 to '005. The horse-power 

, , , . . T> RxVxlOl-33 

absorbed in overcoming K = monnrx — • 

33 000 

(6) The appendage resistance is included in (1), (2), and (3). 

If we call the horse-power delivered to the propeller the 

D.H.P., then ^o^^ got out ^ .^.i ^^ ^^ve J^' = pro- 

' Work put m ^* D.H.P. ^ 

peller efficiency. ' ' • = shaft transmission efficiency, and 

o.Ji.P, 

S H P 

jZI'^ - = engine efficiency. The friction of the propelling 

l.H.P. 

machinery represented by I.H.P. -D.H.P. may be estimated, or 

taken from Plate 41 . 
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The propeller losses constitute a gap not easily filled by 
calculation, but we recommend Mr R. £. Froude's 1908 efficiency 
curves, and the method of using them adopted in our propeller 
calculations. 

Japanese battleship "Kon^," 1913, built at Barrow, four screws. 
Parsons turbines direct. Yarrow large-tube boilers, 276 lbs. W.P. 
Length over all = 704 ft. Lenj2[th b.p. = 653. Water-line = 
692 ft. Beam = 92 ft. Designed draught = 27*5 ft. Displace- 
ment at designed draught = 27 500. Block coef. = *55. Designed 
speed = 27-5 knots. Designed power = 64 000 S.H.P. Pro- 
pellers = 12 ft. dia. -^ = 1-045. 

Vl 



Hull equipment and stores 


• • • 


13 400 tons 


Armament and ammunition 


• •* • 


4 000 „ 


Armour .... 


• * • 


4500 „ 


Propelhng machinery 
Coal . . . . 


• • • 

Total = 


4 500 „ 
1100 „ 




27 500 tons 


Dbstroyers. 






Argentine 


Chilian <* Almirante 


U.S. 1911 




••Jujuy." 


Lynch." 


programme. 


Length W.L. . 


286' 6" 


320' 


300' 


Beam 


27' 


32' 6" 


30' 3" 


Trial draught . 


8' 84" 


9' 10" 


9' 3" 


Trial displac. 


995 


1560 


1010 


(tons) 








No. of screws 


2 


3 


2 


Machinery 


Germania tur- 


Parsons turbines 


Parsons turbines 


•r 


bines direct 


direct 


direct 


Contract speed, 


32 


31 


29 


knots (6 hours' 








trial) 








S.H.P. . • 


24 000 


29 000 


16 000 


Block coef. 


•62 


•584 


•421 


A*VS 


136 


188 


163 


S.H.P. 








V 

— =■ • 


1-892 


1-735 


1-678 


VL 
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Approximate apportionment of wei 
Steel hull 
Woodwork 
Fittings . 

Propelling machinery 
Armament 
Fuel and stores 
Margin . 



ghts in 1 000-ton destroyer. 

. 285 tons 

. 10 

.* 65 

. 482 

. 48 

. 92 
18 






» 



1 000 tons 

The stem lines are round. The forward lines are almost 
straight (very slightly hollowed). The bottom of the hull 
begins to rise from the base line at a point on the keel about 
19 per cent of the length of the vessel measured from the aft 
end of thft immersed hull. The post of the all-under-water- 
type rudder is about 15 ft. from the aft end of the immersed hull. 

A typical torpedo-boat destroyer of 1911-12 has midship 

section coefficient of -825, with -^^^ _ 3-83. The lines are 

Draught 

shown in an article by Mr W. Lambert in The Shipbuilder, 

December 1913. 

The weights &re mentioned as being approximately apportioned 

as follows : — 



Steel hull 285 tons 

Woodwork 10 

Fittings 65 

Propelling machinery .... 482 

Armament 48 

Fuel and stores 92 

Margin 18 



» 



1 000 tons 



The following particulars are noted from a paper by Sir Alex- 
ander Gracie to the Institution of Civil Engineers in 1913 : — 

Cargo Steamers. (A voyage of 3 000 miles.) 



Length. 


Speed 

in 
knots. 


Weight 
of vessel 
in tons. 


Tons 

weight 

of cargo. 


Coal con- 
sumption 
in tons 
for the 
voyage. 


Tons coal 

consumed 

per voyage 

per 100 tons 

cargo. 


Tons weight of 

constructive 

material per 100 

tons of cargo 

when ship is fully 

loaded. 


400 
500 


13 
13 


3 700 
6 760 


4 000 
8 700 


500 
700 


124 
8 


924 
77i 



25 
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Tnrbine-driven Channel steamer " Newhaven," built in 1910. 
292 X 34-6 ft. beam. 

Triple screw, three direct turbines. Water-tube boilers. Trial 

speed 23-85 knots. ~ = 1*4. 1 510 tons displacement. 13 000 

vL 
S.H.P. from a weight of machinery of 590 tons, or 22 S.H.P. per 
ton of machinery, being 2^ times that obtainable from paddle 
machinery and double the~ output of twin-screw reciprocating 
engines. 
Channel steamer " Ibex." Date 1891 . 265 x 32^ x 15^. 1 062 

tons gross. 4200I.H.P. 19*37 knots. ^ = 1*19. Twin-screw 

reciprocating (three - cylinder triple) machinery developed 
lOJ I.H.P. per ton. 

Weights :— 

Hull 60 per cent 

Machinery 30 „ 

Coal 4i 

Passengers, stores and water . . b\ 






100 per pent. 

Paddle Channel steamer " Calais- Douvres." Date 1893. 

324x36x14. 1 065 tons gross. Unclassed. 6 000LH.P. 20*64 

Y 
knots. — -- = 1*15. 



VL 



The hull weighed 

Machinery 

Coal . 

Hull . 

Machinery 

Coal . 

Passengers, stores, and water 



805 tons. 

650 „ (9J LH.P. per ton). 

103 



»> 



48 per cent. 
9 
6 



39 „ 



» 



100 per cent 



Old Cunarder T.S.S. " Campania." Built in 1893. 600 x 65 x 
41 ft 6 ins. 13 000 tons gross. 22 knots at sea. 30000 I.H.P. 
480 tons coal per day. Triple-expansion engines, 166 lbs. pressure. 

^^ = 14-45. 69-in. stroke. 
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ight of hull . 
„ machinery . 
„ fuel . 


48i 
. 2l| 
. 14| 


per 


cent, of the displacement 


„ passengers, stores 
and water 


• ^ 




>» J» 


„ cargo . 


. 11 




•9 » 



100 per cent. 
Consumption If lbs. per I.H.P. hour. 

'* Adriatic." Registered dimensions : — ^709*2 x 76*5 x 66. Built 
in 1906. Twin-screw quadruple expansion engines of about 
15 000I.H.P. 15 knots. 2 500 tons coal. 6 500 tons cargo. 

Of her displacement :^— 

Hull 

Machinery 

Fuel 

Cargo ...*... 
Passengers, stores, and water 



56 


per cent 


10 


»> 


8 


» 


21 


>> 


5 


» 


100 


per cent 



9j-knot cargo steamer with poop, bridge, and forecastle. Poop 
= 21 ft. Bri^e = 90 ft. Forecastle = 32 ft 325 ft. in. x 47 ft 
11^ in. x20 ft. 6 in. draught. 7 284 tons displacement. Dead- 
weight = 4 878 tons. Bunkers = 400 tons. Macninery = 330 tons. 
Total invoiced materials = 1 574 tons. Outfit and remainder ;= 
241 tons. 

SFrom Mr John Ward's presidential address, Inst Engineers 
Shipbuilders, Scotland, 1907 : — 



Weight of hull and fittings 

engines, boilers, and water 

fuel carried 

cargo .... 
Displacement loaded .... 






10 610 tons. 

4 625 „ 

3163 „ 

1 052 „ 
19 450 „ ] 
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The following ]>artica1ar8, givinc comparative weights, etc., of 
direct and geared turbines, quaaruple reciprocator sets and 
three-screw combination sets, received from shipbuilders, were 
published by The Syren, Ist July 1914: — 



Vettel 600 ft. x 76 ft. x 26 ft. draught. 

Displacement ^ 22 600 torn. Designed ipeed 

on trial « 10^ knots. 



Horse-power 
Total weight of 

machinery in tons 
Tons coal per hour 
Lengthandbreadth 

of engine*room 
Length and breadth 

of Doiler-rooms 

Power 



Direct 
turbines. 



20 960 
30 60 

18'6 
68' X 76' 

160' X 40' 



284 



Geared 

turbines. 

Two screws. 



19 900 
2 910 

12-5 

44' X 76' 

+ 2rx81-' 

148' x 40' 

+ 12' X 20' 

298 



Combina- 
tion. 
Three 
screws. 



22 250 
4 390 

14-4 
78' X 76' 

160' X 40 
266 



Quadruple. 
Two screws. 



Vessel 480 ft. X 58 ft. 
X 28 ft. draught. Dis- 
placement = 17 170 tons. 
Designed speed 
= 14^ knots on triaL 



Geared 

turbine. 

Two screws. 



7 000 
1845 

4-8 
33 J' X 58' 

56i' X 37i' 
276 



7 000 
1050 

4-1 
38 J' X 68' 

66i' X 35i' 
276 



Shaft horse-power is given for turbines, indicated horse-power for 
reciprocating engines, and shaft horse-power and indicated horse- 
power combined for the combination arrangement of reciprocating 
engines on wing shafts and direct turbine on centre shaft. 

Steam superheated 200"* F. has improved all the above from a 
coal consumption point of view. Tiie boilers have diminished 
in bulk slightly. Combination sets have given place to double- 
reduction geared turbines with superheated steam in the larger 
ships. Mr Doman states that the combination three-screw scheme 
with 6 per cent, to 7| per cent, less steam consumption than 
two-screw quadruple reciprocating saturated, would lose about 
4j per cent, by lower hull and propeller efficiencies, and perhaps 
3 per cent, in commercial value through larger engine-room and 
decreased deadweight. 

Twin-screw turbine Channel steamer "Konigin Luise" (see 
Professor Sir J. H. BQes's report, dated 1914). 275 ft. b.p. x 38*7 
X 9-75 ft. load draught. A = 1 800. Yarrow boilers. Howden's 
F.D. 70° sujjerheat. Superheating surface = 3 000 sq. ft. 240 
lbs. per sq. in. Total boiler heating surface =12 220 sq. ft. 
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Grate = 258*1 sq. ft Each turbine set 3 000 b.h.p. at 1 800 
revs, per min. Astern power 70 per cent, of ahead power. 
Fottinger transformer, with reduction ratio 4 : 1 at full power. 
Efficiency 88 per cent, to 89 per cent 20 knots on tria], 
with 6 330 S.H.P. on 453 revolutions of propellers. 1 2 lbs. steam 
per S.ILP. hour, which compares favourably with the 151 lbs. 
of the direct-driven turbine steamer "Caesarea" at 6675S.H.P. 
Coal analysis : moisture 2*7 per cent, ash 9*41 per cent, volatile 
11*85 per cent, sulphur 0*70 per cent Calorific value 12 220 
B.Th.U. Consumption 6 321 lbs. per hour, or 1*38 lbs. per 
S.H.P. hour, on three hours* full-power trial. Propellers: 
diameter = 6 ft 6| in. ; pitch = 5 ft 7 in. ; projection area = 18*1 
sq. ft. Developed area = 20 sq. ft. 

One Curtis Vulcan combined impulse and reaction turbine on 
each shaft 176 lbs. pressure in receiver. Weight of turbines 
and gearing = 42 ton& Professor Sir J. H. Biles's estimate of 
steam consumption for auxiliaries is 1*6 lbs. per S.H.P. of 
main turbines, i.e. 12 + 1*6 = 13*6 lbs. steam per S.H.P. hour 
total. The 12 lbs. were actually measured. With coal of 
calorific value 1*31 B.Th.U. the consumption was 7 050 lbs. or 
1-31 lbs. per S.H.P. hour. 

Relative coal consumption for different machinery in steam 
cargo and semi-passenger liners. Propellers 75 to 85 revs, 
per min. 



Machinery. 



( 1 ) Trifle-expansion reciprocating 

with saturated steam, 180 lbs. 

(2) Quadruple-expansion recipro- 

cating with saturated steam, 
220 lbs. 

(3) Triple-expansion reciprocating 

with about 200° F. super- 
heat 

(4) Quadruple reciprocating with 

about 200" F. superheat 

(5) Parsons mechanically double- 

geared turbines with about 
200° F. superheat 



OompariBon. 



Standard 

7 per cent, gain 



About 14 per cent, more 
economical than triple 
saturated 

'About 9 per cent, more 
economical than quad- 
ruple saturated 

About 10 per cent, more 
economical than quad- 
ruple reciprocating super- 
heated 



Coal 
burned. 



100 
93 



86 
83| 
75i 
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In (3), (4), and (5) there is perhaps room for a very slight 
further reduction in coal consumption if steam superheated to, 
say, 50° F. is extensively used for auxiliaries, but this entails 
extra cost for plant and upkeep. For certain auxiliaries, such 
as feed water-heaters, evaporators, distillers, etc., where there are 
steam coils, saturated steam is required. The total steam con- 
sumption for auxiliaries is not less with turbines than with 
reciprocating engines because there are more auxiliaries. 

The steam consumption in lbs. per I.H.P. hour for quadruple 
reciprocating main engines with saturated steam of 220 Ids. 
pressure is about 12|, and with steam superheated 200° F. about 
llj lbs. Direct turbines, 200 lbs. pressure, saturated, about 
\\\ lbs. Direct turbines, superheated steam, about 10| lbs. 
Turbines' with single-reduction gear, superheated steam, 10*1 lbs. 
Turbines with double-reduction gear, superheated steam, 8*4 lbs., 
and there are possibilities with electric gear. Turbines with 
hydraulic gear, superheated steam, about 10 lbs. 

In a paper entitled " Some Alternative Types of Machinery for 
a 191-knot Steamer," by Mr Jas. Dornan {Inst. Engineers and Ship- 
buMerSy Scot., 1915), a comparison was made of horse-powers, 
efficiencies, coal consumptions, weights, etc., for seven different 
arrangements of engines, for an intermediate passenger and cargo 
type for the North Atlantic, 600 x 72 x 46 of 27 ft. mean mid- 
Atlantic draught, a = 21 000 tons, 19^ knots average at sea 
throughout the year. Design A is taken as a basis for compari- 
son with the others. A = twin-screw quadruple reciprocating 
saturated, 85 revs, screws, 210 lbs. W.P., Howden's F.D. Steam 
consumption, lbs. per hour per H.P. of main engines : — 

Main engines 12*71 lbs. 

Propelling machinery auxiliaries . . 1*27 »\o.oi 
Hull auxiliaries, make-up feed and drains 074 „ / 

Total . . . 14*72 lbs. 

2*01 lbs. steam per hour per H.P. of main engines is for auxiliary 
consumption, deck and engine, or 13*7 per cent, of the total 
consumption. 

-^'V' _ 251 
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Mechanical Epficibnct of Marine Oil Engines. 

For four-cycle engines driving an air compressor direct, and 
also with circulating water and lubricating pumps attached to 
the engine, take '78 as the mechanical efficiency. It naay be '80 
or even '85 in exceptional cases where the air compressor is not 
driven by the main motor. See pages 200 and 282. 

Two-cycle engines, in which tne scavenge pump, the air com- 
pressor, and the circulating water and lubricating pumps are 
driven by the main engine, do not usually have a mechanical 
efficiency much exceeding '70. 

In estimating the engine-power necessary for a Diesel-driven 

ship, the formula .^ may be used to begin with to find the 

I.H.P. which would be required if the engines were ordinary steam- 
reciprocating. Multiplying the I.H.P. so found by the mechanical 
efficiency gives the S.jEI.P. at the aft end of the engine, or B.H.P. 

If the steamer is to run in tropical waters over 80** F. tem- 
perature (cooling water), the power of the oil engine should be 
increased by 10 per cent, in design work. 

The weight of marine oil engines of the usual slow-speed Diesel 
type, including the accessories for the engine itself, is somewhere 
in the neighbourhood of 200 lbs. per B.H.P. for engines running 
between 110 and 140 or 150 revs, per min. When, perhaps in 
the near future, 100 revs, per min. will be usual, the weight 
might be relatively slightly greater, but the tendency in design 
will be to diminish the weight of the engines built. 

The Fullager engine has the lower revolutions, better balance, 
and probably higher mechanical efficiency, with shorter engine 
room. 
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Results of model tests of cargo steamers with cruiser stern. 
460 ft. b.p. X 58 ft beam mid. Twin screws. A = I.H.P. with 
triple - expansion reciprocating steam engines under good trial 
conditions, no wind, clean bottom, and good design ; B = I.H.P. 
of same, increased by 16 per cent, for sea conditions ; C = S.H.P. 
at sea if geared turbine machinery were adopted. 



Knots. 


ii9 ft. draught. 

A = 16000 tons. 

Block coef . = -li. 


29 ft. draught. 

A = 16 130 tons. 

Block coef. = -70. 


A. 

3100 

4 200 

5 600 

6 475 


B. 

8 560 
4 830 
6 440 

• • • 


B • 


C. 

3 340 

4 535 
6 050 

• • • 


Afv3 


A. 

2 750 

3 750 
5 000 
5 800 


B. 

3160 

4 310 

5 750 

• « • 


AlV» 
B • 


C. 

2 970 

4 050 

5 400 

> • • 


Alv^ 




C 


C ' 


12 
13 
14 
14-5 


308 
289 
273 

• • • 


• • • 

• • • 

• • • 

• • • 


• • • 

• • • 

• • • 

• • • 


• • • 

• • • 
■ • • 

• • • 



The I.H.P. 's marked A in such a table as the above may be 
taken as representing 



/Horse-power ex- 
/ pendewi in over- 

HullTfficiency "^ \ coming calm 

\ air resistance 



E.H.P. naked 




A percentage addition to v 
the B.H.P. naked to \ 
account for the resist- ] 
ance of under • water J 
appendages ^ 



T.S.S. " H3 ". 450 ft. b.p. x 59 x draught (below). Beam as per- 
centage of length = 13-11. 5^5?^ = 7*62. The models were 

made to the mean plating line. The displacements included 
plating, but had no allowance for any other appendage, and no 
allowance was made for other appendages in the results. 

Model tested at the National Physical Laboratory in 1918, at 
three different draughts. 18 in. trim by the stem for the ship. 



Mean 

dranght 

in ft. 


Tons 

A. 


Coefficients. 


A 


Block. 


Midship 
section. 


Mean 
prismatic. 


(J-..)'- 

noo' 


20 

23-5 

27 


10162 
12 240 
14 375 


•676 
•689 
•702 


•962 
•968 
•972 


•703 
•712 
•728 


111-4 
134-3 
157^8 
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Results 


OF Tank Trials. 






V 


E.H.P. from tank. 


Knots. 










20 ft. 


'23-6 ft. 


27 ft. 






draught. 


dranght. 


draught. 


9 


•424* 


528 


577 


636 


10 


•471 


719 


784 


868 


11 


•519 


960 


1052 


1170 


12 


•566 


1275 


1406 


1555 


13 


•613 


1675 


1869 


2 077 


13J 


•625 


1800 


2 000 


2 240 


13i 


•636 


1930 


2147 


2 408 


131 


•648 


2 066 


2 300 


2 580 


14 


•66 


2196 


2 480 


2 746 


14i 


•671 


2 330 


2 617 


2 912 


144 


•684 


2 460 


2 770 


3 080 


Hi 


•695 


2 600 


2 925 


3-250 


15 


•707 


2 727 


8 075 


3 426 


15J 


•719 


2 862 


3 230 


3 612 


15i 


•73 


3100 


3 407 


3 812 


m 


•742 


3186 


3 604 


4 040 


16 


•754 


3 370 


3 886 


4-280 


161 


•766 


3 610 


4 095 


4 560 


16i 


•778 


3 890 


4 400 





Estimated weight of maclimery with water in boilers for 
6 600 S.H.P. double-reduction geared turbines, 85 revs, propeller, 
superheated steam 220 lbs. W.P. =^ 1 300 tons. 



^ 
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T.S.S. " Hi." 418 ft. b.p. X 52 ft. x 23 ft. mean draught. 9 100 
tons displacement. Block coefl&cient ==: '637. Wetted surface = 
3(^100 sq. ft. Tank model tested for the Booth Steamship Co., 
Ltd., in 1910. Midship-area coefficient = •956. Mean prismatic 

= 124-6. ^"^^ ^ 8-04. Beam as 
Beam 



coefficient = '666. 



Vioo/ 



percentage of length = 12-45, 



Beam 
Draught 



= 226. 





• 
Kuots. 


V 


E.H.P. from 
tank. 




11 


•539 


934 




12 


•587 


1240 




13 


•636 


1620 




13J 


• • • 


1724 




13^ 


•661 


1850 




13| 


• • • 


1970 




14 


•685 


2 089 


• 


.Hi 


• • • 


2 200 




Hi 


•71 


2 325 




14J 


• • • 


2 454 




15 


•734 5 


2 590 




15i 


• • • 


2 732 




15i 


•759 


2 892 




16 


•784 


3 236 




16i 


•808 6 


3 634 



Sea speed = 14-25 knots when I.H.P. = 4 600. E.H.P. naked 
from tank figures = 2 200. Adding 10 per cent, to 15 per cent, 
for sea conditions. Gross E.H.P. = 2 420 to 2 630. Propulsive 
efficiency = 526 to •55. 
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T.S.S. "H2." 440-3 ft b.p. x 54-1 ft. beam x 23 ft. mean draught. 
Displacement = 9 912 tons. Block coefficient = '637. Mid^ip 
section coefficient =« '973. Mean prismatic coefficient = '659. 

Wetted surface = 32 800 sq. ft. -. .^ . . = 116'3. ^^^ 



VIOO/ 



Draught 



2*342. -= ^— = 8-14. 14j knots at sea. Beam as percentage 

of length = 12'3.* Tank model tested for the Booth Steamship 
Co., Ltd., in 1910. 



Knott. 


V 


E.H.P. from 
tank. 


11 


•526 


1028 


12 


•578 


1335 


13 


•62 


1720 


18i 


• • • 


• • ■ 


idi 


•644 


1950 


i3i 


• ■ • 


2 072 


14 


•668 


2 20P 


14i 


.. • 


2 338 


14i 


•692 


2 470 


14f 


• • • 


2 670 


15 


•715 


2 793 


15J 


• • • 


2 950 


15i 


•740 


3120 


16 


•764 


3 468 


16i 


'788 


3 900 



Sea speed 14*6 knots when the I.H.P. = 5 300. E.H.P. naked 
from tank figures = 2 540. Adding 10 per cent, to 15 per cent, 
for sea conditions. Gross E.H.P. = 2 800 to 2 920. Propulsive 
efficiency = '53 to '55. 
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